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Explained and Illuſtrated. 
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CHAP. I. 


Of Parallaxes in general. 


HE word Parallax is an aſtrono- 
mical term, generally applied to 
the earth and ſome heavenly body; 

and i in this application, it. is the angle formed 
by two ſtrait lines meeting in the centre of that 

body, one of which is drawn from the centre 
of the earth, the other from any part of its 
ſurface, | 


B Let 


(2: ) 

Let ACZ be the earth, BD the orbit of 
any planet, B and D the places where it is ſeen 
at difterent times in the orbit from the center 
C, and any point Z upon the ſurface of the 


earth; the angles Z DC and ZBC, are the 
parallaxes of that body at thoſe places; the 


meaſures of theſe angles Z DC and Z BC 
are the arches EF and GH in the ſtarry 
heavens ; the extremities G and E of thoſe 
arches ſeen from the center, are determined by 
aſtronomical tables, the other extremities are 
found 'by obſervation. 


2. It is fag evident that the nearer any pla- 
net is to the earth the larger is the parallactick 
angle; and the more remote, the leſs. © - 
__ r 3. The 


(3 )) 

3. The parallax of the heavenly body that 
keeps the ſame diſtance from the center of the 
earth is greateſt in the horizen,/'and | deercaſes 
the more that body 1 is elevated above it. 


4. The ſines of we pen e of 5 2 
body at different elevations above the horizon, 
are in proportion to the lines Po their arches 
from the zenith. | 


Let AC be the earth, Z the zenith, the 
angles AD C and AE C different parallaxes of 
the ſame body ; then the Propoſition is, that 


SED. 
the ſine of the angle ADC is to the fine of 
AEC, as the fine of the _ BS ne. 
ſine of the _ a i 319325 
In the W ADC the fine of the 3 
ADC is to the fine of the angle CAD, or 
2 AF its complement to two right angles, 
as AC to CD, by a known trigonometrical 
rule; but the lines AC and CD are ſtand- 
ing lines, that is, they are the fame in all pa- 
rallaxes of this body, as in the triangle AEC: 
Therefore the ſing of the parallax ADC is to 
the ſine of the angle Z AF, or of its mea- 
ſure, the arch Z F, as the ſine of the parallax 
AEC to the fine of the angle Z A G or of 
its meaſure, the arch Z G; for there is no 
ſenſible difference between the angles Z AF 
and Z CF, or between Z AG and 20G, 
becauſe che ſemidiameter of the earth AC 
bears no proportion to the diſtance * 
[x As arches with W tangents 
decreaſe in proportion to one another, and con- 
verge towards an equality, when they decreaſe 
in magnitude; the arches, ſines, and tangents 
of angles, that are leſs than a minute of a de- 
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gree, ” have no ſenfible difference or/diſpropor- 
tion, and may be taken and uſed promiſcuouſly 
for one another : when therefore the parallac- 
tick angle is leſs than a minute of a degree, 
as it is of the ſun, and all the primary planets 
the aforementioned proportion may be expreſ- 
ſed in this manner, the parallax ADC is to 

the horizontal parallax AE C, as the ſine of 


the arch ZF is to the fine of the arch 2 G, 


or of 90 degrees. 


6, The horizontal parallaxes of the celeſtial 


bodies are inverſely, as their diſtances from 
the earth's center. 


Let A C be the earth, V and 8 two celeſtial 
bodies; in the triangle A V8, the fine of the 
angle AVS, or of its complement A VC to 


180 degrees, is to that of ASV, as AS is 
to AV; but in immenſe diſtances from the 


N there is no ſenſible difference between 
} AS and 


4000 miles, then the diſtance of the moon 


4 


F * and between AV end CV; 


and when theſe angles are leſs than a minute 
of a degree; they may be uſed for their fines, 
hence the angle AV C, or the parallax of the 
body at V is to the angle ASC, or the paral- 
lax of the body at 8, as 8 C is to VC. 
7. The uſe of the parallax of any body is to 
find its diſtance from the earth's center, and 
alfo its bulk or magnitude. 


Let AC. be the earth, M the moon, the 


angle AMC its horizontal parallax; if this 


angle was known, the right angle at C, and 


2 ſemidiameter of the earth being given in 
the triangle A C M, che line CM youll be 
eaſily found by trigonometry. 


Let the angle AMC, or wg ho- 
rizontal parallax be 57 18", the radius AC 


from 


»S> 


(78) 
from the earth's center, will come out very 
near 60 ſemidiameters of the earth, which 
are 6 miles. | 


It is plain that the diameter of the earth 
ſubtends an angle of double the horizontal 
parallax of any body, when the earth is ſeem 
from it; thus the earth appears to a ſpectator 
at the moon under an angle of 1 54 36% 
but the diameter of the moon as ſeen; from: the 
earth, meaſures 31 2“; that diameter is to 
this, as 3,69 to 1 ; and ſince ſpherical badies 
are to one another in a triplicate. proportion 
(or as the cubes) of their diameters ; the body 
= of the earth is to that of the . 
co unity. 


: 9. Kepler firſt found by obſervation, and 

Sir Jacc Newton bath ſince proved by the laws 
of gravity, that the ſquares of the periodical 
times of the primary planets round the ſun, 
are as the cubes of their mean diſtances from 
the ſun; but their periodical times are known, 
and therefore their relative mean. diſtances are 
alſo known : and if the abſolute diſtance of 
any. one of them could be found, the abſolute 
| diſtances 


({% } 
| diſtances of all the reſt would follow from 
it; and theſe wonld be obtained if the pa- 
rallax of the ſun, or any. one of the pri- 
mary planets could be inveſtigated. 


ro. The magnitude likewiſe of the ſun, 
and of thoſe planets whoſe apparent diame- 
ters have any ſenſible meaſure, would be known 
from their parallaxes, in the ſame manner as 
the magnitude of the moon was found. 


11. The difference between the real ang 
apparent elevation of any celeſtial body above 3 
the horizon is the meaſure of the parallactick 
angle, and conſequently is the parallax itſelf; 
and this at any elevation is called the N 
of altitude. 


12. If the aſtronomical tables were perfect, 
and the obſervations ſufficiently accurate for 


determining the apparent elevation of the ſun, 


or any one of the primary planets at any time, q 
the end would be anſwered, and the whole 
doctrine and uſe of parallaxes lie in a very 
ſmall compaſs. 1 
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13, The meridian of any place is generally 
the beſt azimuth, for taking the apparent ele- 
vation of any body above the horizon, in order 
to find its parallax ; becauſe there the real ele- 
vation at the center is eaſieſt known from the 
tables which ſhew either the longitude and la- 
titude of that body from the ecliptic, or its 
right aſcenſion and declination, f from the equa- 
tor at any given point of time. 


Though the horizontal parallax is the largeſt, 
yet it cannot be commodiouſly taken by ob- 
ſervation, becauſe the refraction will there raiſe 
any object as much or more than the parallax 
depreſſeth it; but that diſtance which is neareſt | 
the horizon, and leaſt affected by refraction, or 
where it may be eaſieſt allowed for, is the beſt 
for obſerving the parallax. 


When the moon is in her greateſt ſouthern lati- 


tude from the ecliptic, and her deſcendingnode is 
in the beginning of Libra, ſhe will not be more 
than ten degrees above the horizon in her paſſage 
over the meridian of a place whoſe latitude is 
519 20' north; her true place in the heavens 
may be very exactiy found by the lunar tables, 

2 and 


( ro ) 
and her elevation above the horizon may be ta- 
ken within twenty ſeconds of a degree by good 
aſtronomical inſtruments; ; if her parallax then 
at the elevation of ten degrees ſhould appear 
to be fifty ſix minutes, her horizontal parallax 
will be 57 18”; and if the obſervation be true 


within twenty ſeconds, her parallax will be aſ- 


certained within the 168th part of it. 


15. Hence the moon's 1 may be ob- 
tained to a ſufficient degree of exactneſs, by 
taking her height above the horizon on the me- 
ridian, in almoſt any latitude: but the misfor- 
tune is, the parallax or diſtance of the fun or 
any planet from the earth, hath no connection 


with the moon's. 


= 
440 - 3 — 


The difficulty likewiſe of finding any of theſe 
parallaxes is enhanced by their ſmallneſs; for 
the largeſt horizontal parallax of the neareſt 
planet, even in its perigee, is leſs than fifty 
ſeconds : and no altitude (if Dr. Keil's autho- 
rity may be relied on) can be taken by the beſt 
inſtruments within thirteen ſeconds of a de- 


gree; or in other words, every arch leſs than 


thirteen ſeconds is immeaſurable by any qua- 
drant : 


( 11 ) 

drant: Theſe parallaxes therefore cannot be ac- 
quired by any ſuch inſtrumental obſervations; 
and the famous method of Hipparcbus, for in- 
veſtigating the parallax of the ſun, from the 
conical ſhadow of the earth, in lunar eclipſes; 
and alſo the more celebrated dichotomy of 
Ariſtarcbus the Samian, for determining the 
ſun's diſtance from the earth, in the quadra- 
tures of the moon, however ingenious, are yet 
defective; becauſe they require obſervations 
more accurate than inſtruments can give. 


16, Aſtronomers indeed have inferred from 


4 | ſome inſtrumental obſervations, that the paral- 


lax of Mars, in its perigee, doth not exceed 
twenty-five ſeconds of a degree; and conſe- 
quently that of the ſun is not more than twelve 
ſeconds and a half, as the diſtance of Mars at 
that time is about half the diſtance of the ſun 
from the earth; this limitation is exceeding 
probable, though not abſolutely certain; it is 
alſo ſuppoſed that theſe parallaxes do not fall 
many ſeconds ſhort of theſe numbers, but how 
many is very uncertain by reaſon of the imper- 
fect meaſurement of the ſeconds of a degree. 


C 2 CHAP. 


. * 1 ＋ Tims in Aube the 
Ae of any heavenly WP: | 


INCE the parallax of the ſun, or any 
of the primary planets, is ſo ſmall as to 
elude the Power of graduated inſtruments, re- 
courſe muſt be had to time; and if a body 
moves very ſlowly and equably in its orbit, any 
quantity of its motion may be meaſured with 
the greateſt preciſion by a good pendulum clock. 
Let it be ſuppoſed that a celeſtial body moves 
one minute of a degree in twenty minutes of 
time ; then any part of its orbit may be known 
to a ſecond, or even to a part of a ſecond of a 
degree, by knowing the minutes and ſeconds 
of time that are expended in running it. 


2, The velocity of the ſun in the ecliptic, of 


the moon, and all the planets in their orbits, 


is according to the time taken up in running 


them ; the mean motion of the moon is at the 
K rate 


( 

rate of thirteen degrees in twenty-four hours, 
which is almoſt a ſecond of a degree to two 
ſeconds of time; that of Mercury is nearly a 
ſecond of a degree to eight ſeconds of time; 
Venus moves a ſecond of a degree in fifteen 
ſeconds of time; the ſun in the ecliptic, a ſe- 
cond of a degree in twenty-four ſeconds of 
time; and the motion of the ſuperior planets 
is ſtill much flower. 

3. The motion of all of them, and even of 
the moon itſelf, which is far the leaſt regular, 
is ſufficiently equable'in the time- required for 
determining their parallaxes. 


4. Their periodical times in their reſpective 
orbits are ſo well aſcertained, that their true 
horary motion is known within leſs than a ſe- 
cond of a degree. 


5. The principal thing wanting therefore is 
ſome fixed viſible object in any planetary orbit; 
for if aſtronomical tables. will give. the. time, 
when a line drawn from the center of the earth 
through the planet will paſs through that ob- 
jet; and if clocks can give the time, when 
C the 


—— . yo nner 
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( wu ) 
the planet is ſeen by an obſerver, upon that ob- 
je; then the difference of thoſe times turned 


into degrees, and parts of a degree, according 


to the motion of that planet in its orbit, will 
9 of the altitude of that planet 
above the horizon; provided the planet moves 
on, or its orbit coincides with an azimuth of 
the place where it is ſeen. 


Let AC be the earth, C the center, A the 
place of obſervation ; let B be the fixed viſible 
object in the heavens ; let DE be the orbit of 
the planet; when the planet appears upon B 


few! A; vil be at B; but when it appears 
at B from C, it will be at E; and DE will 


be the meaſure of the parallax of altitude of 


the — at D. | 
Draw 


- —— 
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* 


( #3 ) 
Draw CF through P, then by ſection the 


firſt, chapter the firſt ; the angle FDB is the 
parallax of the planet at D ſeen ſrom A, whoſe 


meaſure is the arch FB, whoſe correſpondent - 
arch is DE, which, being turned into time, 
is the difference «por the times of obſer- 


vation at A and C. 


IB. The angles FDB and FCB may be 
taken as equals, ' becauſe their difference ABC 
is ſubtended by the ſemidiameter of the earth, 
which is but a point, in ee 
diftance of B from it. | 


6. The path of the ſun; in its diurnal mo- 
tion, coincides with the eaſtern and weſtern 
azimuth of the inhabitants on the equator, 
two days in the year; but that motion is too 
ſwift to be meafured by time; on the con- 
trary, that motion is the proper meaſure of 
time, for the ſun runs fifteen feconds'of a de- 
gree in a ſecond of time; and if it was other- 
wiſe, there are no objects which the fun could 
be referred to in its diurnal motion. 


7. But though the fun hath no ſuch object, 
yet 


( 8 ) 
yet is may become ; itſelf a proper object to the 


inferior planets, and eſpecially to Venus; Which 


being in conjunction with the ſun, at or near 
the interior node, will paſs over the diſc of 
* ſun, aud appear as a en dark _ in he 

The ſun a Wh hath an 133 motion in 
the ecliptic, but that may be allowed for, and 
fo it may be uſed as a fixed object; the tranſit 
of Venus over the ſun generally laſts ſome 
hours, and this planet moving at the rate of 
a ſecond of a degree in fifteen ſeconds of time, 
its motion is ſlow enough to have the leaſt, part 
of its orbit meaſured by a good pendulum 
clock: but the greateſt advantage of all, and 
which is peculiar to this planet and Mercury, 
and makes obſervations upon their tranſits ſo 
fingularly uſeful for diſcovering the ſun's paral- 
lax, is, that their ingreſs upon, and egreſs from 
the ſun's limb-may be aſcertained by an obſer- 
ver even to a ſecond of time: I mention this 
upon the authority of Dr. Halley, and becauſe 
it is a point of great importance with reſpect 


to the inveſtigation of the parallax of Venus or 


the ſun, I will quote the Doctor's own words 
from Moette's Abridgement of the Philoſophical 


Tranſactions, vol. I. pag. 245. 
About 


| ( #7 9. 
*About forty, years ago, whillt 1 was in.the 
« jſland of St. Helena, obſerying the ſtars, about 
* the ſouth pole, I had an,opportunity of obſer- 
10 ving with the greateſt diligence, Mercury, 
„ paſſing over the diſc of the ſun, and (which 
* ſucceeded better than I could have hoped 
« for) I obſeryed with the greateſt degree of 
* accuracy, by means of a, teleſcope twenty- 
« four feet long, the very moment when Mex- 
* cury entering upon the fun ſeemed to touch 
* its-limb within, and alſo the moment, when 
te going off, it ſtruck the limb of the ſun's 
& diſc, forming: an. angle of interior contact: 
* .whence 1 found the interval of time, during 
„ which, Mercury then appeared within the 
10 fan's diſe, even without an error of one ſe⸗ 
1 cond. of time, For the lucid line interceps 
** ted between the dark limb of the planet and 
* the bright limb of the, ſun, although exceed 
ing fine, is ſeen, by the eye; and the little 
* dent made in the ſun's limb, by Mereury's 
_ * entering the diſc-appears to vaniſh i in a ma- 
ment; and alſo that made by Mercury, when 
leaving the diſc, ſeems to begin in an inſtant. 
« When I perceived this, it immediately came 
« into my e ſun's parallat might 
| « bg 


18 ) 


cr « he accu a rately * * by ſuch kind of 

« obſervations 4 theſe; provided Mercury was 
« nearer to the carth, and had a greater paral- 
'« lax from the ſun: but the difference of theſe 
4 parallaxes f is fo little, as always to be leſs 
than the ſolar parallax which we want; and 
4 therefore Mercury, though frequently to be 
* ſeen on the ſun, is not to be looked upon 


* as s fit for our purpoſe, | 


' There remains then he Tranft of Venus 
« over the ſun' 8 diſe, whoſe parallax being 
0 almoſt four times greater than the ſolar pa- 
* rallax will cauſe very ſenſible differences be- 
te thyeen the times in which Venus will ſeem 
r to be paſſing over the ſun at different parts 
of the earth; and from theſe differences, if 
they be obſetved as they ought, the ſun's 
e parallax may be determined even to a ſmall 
e part of a ſecond. Nor do we require any 
«. other inſtruments for this purpoſe than com- 
mon teleſcopes and clocks, only good of 
et their kind; and nothing more is needful than 
ce fidelity, diligence, and a moderate ſkill in 
Je” aſtronomy. For there i is no need that the 
*. kKatitude of the place ſhould be ſcrupulouſly 


« obſerved - 
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© obſerved, nor that the hours themſelves 


« ſhould be accurately determined with reſpect 
«to the -meridian : it is. ſufficient that the 
6. clocks be regulated according to the motions 
4 of the heavens ; if the times be well reck- 
«. oned from the total ingreſs of Venus into 


- « the ſun's diſc to the beginning of her egreſs 


« from it; that is, 'when the dark globe of 
« Venus firſt begins to touch the bright limb 
te of the ſun, which moments, I know by my 
te own experience, may be obſerved to within 
« a ſecond of time.” 8 


8. Hence it is plain, in Dr. Halley's opinion, 
that Venus is the only planet that furniſhes 
aſtronomers with any tolerable means for inveſ- 
tigating its parallax, or that of the ſun, « or = 


any primary * 
- 


And if the orbit of Venus coincided with 
an azimuth of any place for the time of its 
tranſit over-the ſun, there would be no difficulty 
in finding its parallax, and both the theory and 
practice of it would be clear, conciſe, and eaſy. 


9. But ſince this doth never happen, aſtro- 
8 nomers 


— 


( 28 ) 
norners are obliged to proceed in an analitical 
or tentative manner, they ſuppoſe ati horizons 
tal parallax of Venus from the fun, and conſe- 
quently a parallax of any given altitude as near 
the truth as they can: this parallax muſt be 
reſolved into a parallax of longitude, and a pa · 
rallax of latitude, that the computed tines of its 
ingreſs or egreſs at any given place which this 
ſuppoſed parallax gives, may be compared with 
the central times given by aſtronomical tables, of 
with the computed times of its ingreſs or egreſs 
at any other given place; and if their difference 


proves to be the ſame, which the obſerved 


times of ingreſs or egreſs at the fame place 
make with the aſtronomical tables, or with the 
obſerved times in the other given place, then 
the parallax was rightly aſſumed; but ſhould 
their difference not prove to be the ſame, the 


true parallax will ſoon be found from the diffe- 


10. Thus the end deſired may be obtained 
to a ſufficient degree of exactneſs, provided the 
obſervations are accurate, but the means to it 


are operoſe, and the doctrine of parallaxes is 


thereby rendered ſuch a complicated and intri- 
cate 
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cate ſubject, that an able mathematician, with- 
out due care, may ſoon perplex and loſe himſelf, 


The purport therefore of the following chap- 
ters is to ſet this ſubject in as clear a light as it 
will admit of ; and to explain it in ſach an 
intelligible manner, that a perſon moderately 
ſkilled in the uſe of. the globes, and in plane 
aud 22 4ngonometry, "0" 2 com+ 


11. For this di l begin ih a bst 
deſcription of a tranſit of this planet over the 
arithmetical and geometrical calculation of the 
tranſit which was June 6, 1761, and which 
will be June 3, 17693 and to a compariſon of 
the central and computed times for. moſt of 
the places where the ingreſs of Venus, its du- 
ration upon and egreſ from the ſun in the-firſt 
were ſaid to be obſerved, and where they ought 
to be 2 in the laſt. | 


EFORE the general deſcription of 
the Tranſit of Venus be entered upon, 
j it will be neceſſary to premiſe, that the ſun 
having a parallax as well as Venus, it will ap- 

pear depreſſed to an obſerver on the ſurface of 

the earth, from the place it is ſeen from the 

center, according to its diſtance, as well as Ve- 

nus ; when therefore this depreſſion of. Venus 


from the ſun, it will not be the abſolute de- 
preflion of Venus, but only the difference of 
the two parallaxes ; and as this relative de- 

preſſion will generally occur, and be made uſe 
of in the following chapters, it will be diſtin- 
guiſhed by the title of The ox: of Venus 
from the fun, © 


Let AB be the earth, V, Venus in its 
orbit, S a part of the ſun where Venus appears 


to 


rs referred to, compared with, or meaſured 


( 23 
to beg then the arch: F Eis: the: parallax, of 
of Venus; G Eis the een of the-iſun; 
14 bas V no bus * 2113 


FG is the difference of the two parallaxes, 
or the parallax of Venus from the ſun. 

Suppoſe the day, hour, minute, and ſecond 
of the beginning, middle, and end of a tranſit 
of Venus over the ſun, to be given by aſtro- 
nomical tables. 


Let CVD be . ofbit of Venus, and let 
Venus be in its firſt con at V ; let F be the 
pole of the orbit;. and FV will be perpen- 
dicular to it ; let L be the zenith of the place 
of obſervation, ſuppoſe it to be London ; and 
let the Time of this contact when ſeen from 
the center be at eight in the morning as in 


figure 


44 } 
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In the triangle LPV the arch LP is the 
complement of the latitude of London to go de- 
grees, and conſequently known, and as the place 
of Venus in its orbit at V is known, the line PV 
is given, and the angle LPV is ſixty degrees 
within a few minutes, becauſe P L is the me- 
ridian of London, and LP Vis the meaſure of 
four hours very nearly ; that is, from eight to 
twelve, or from twelve to four very nearly ; 
and it would be exactly if the line PV was 
drawn to the center of the ſun, but as it is 
ſuppoſed to be drawn to the outward limb of 
the ſun, it wants in the ſecond figure about 
ten minutes, and exceeds as much in the firſt : 
Hence the two lines PL and PV, with the 
angle LPV being given, the diſtance LV of 
Venus from the zenith of London is found by 
trigonometry ;. and alſo the angle L VP. 


Suppoſe the horizontal parallax of Venus 
from the ſun to be thirty one ſeconds, then by 
ſection the 4th, chapter the firſt, as the fine of 
go degrees, .or the radius is to the ſine of 
3 1 ſeconds, ſo is the ſine of the zenith diſtance 
LV to the fine of the parallax of that altitude, 
which is therefore known; let it be BV, and 

E then 
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then B is the place where Venus ſeen from 
London will appear to be, when ſhe is at V as 
ſeen from the center; and if BV could be me- 
ſured by any inſtrument, and came out the F 4 
ſame as by computation, the parallax would be 
found; but as this cannot be, we muſt pro- 
cced farther. 


Since then it is ſuppoſed that Venus is at V 
in its firſt external contact, when ſeen from the 
center, and by the parallax of altitude 1s remo- 


L F 


Fig. I. 


yed to B to an obſerver whoſe zenith is L, ſhe 
will not appear there to have reached the ſun's 
limb 


| ( 27 ) 
limb by the line G B in the firſt figure, and to 
have paſſed it by the ſame line in the ſecond 
figure: it is requiſite therefore to find out how 
long Venus will be or hath been running this 
line and appear from London to be at the ſun's 
limb; and if upon the aſſumption of the pa- 
rallax, this time will come out the ſame as it 
appears by obſervation, then the parallax was 
Þ 
= L. 


— 
fa, 


rightly aſſumed: and in order to make this 
compariſon, the line G B muſt be meaſured ; 
for which end, let the line VA be drawn from 
V perpendicular to it, let AB be called the 
parallax of longitude, and AV the parallax of 
latitude, and by the help of theſe two lines, 
B will be found. 


E 2 | The 
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The arch FV drawn from the pole of the orbit 
of Venus to the orbit is its ſecondary, and at right 
angles with it, and fo are all other lines drawn 
from that pole to the orbit, and are properly 
the meaſures of the motion of Venus in its 
orbit, in the ſame manner as meridian circles 
are of the diurnal motion of the ſun upon the 
equator : Imagine theſe ſecondaries of Venus's 
orbit drawn to every fifteenth part of a ſecond 


of a degree, and the arch between them will be 


run by Venus in a ſecond of time, becauſe it 
moves four minutes of a degree in ſixty minutes 
of time: when Venus appears at V from the 
center, it is upon the ſecondary F V ; but to 
an obſerver whoſe zenith is at L, is it not ar- 
rived to it in the firſt figure, and is paſt it in 
the ſecond by the arch B A ; what time it will 


take, or hath taken, in moving through this 


arch BA will be found in the following manner. 


The angle PVD may be eaſily diſcovered, 
from knowing the angle which the orbit of Ve- 
nus makes with the ecliptic, and that which 
the meridian makes with the ecliptic, as wall 


be ſhewn below : but when this angle PVD is 


thus found, its complement FVP to a right 
angle 


( 29 
angle is known, 
= i and the angle LVP h: 
found, therefore the angle = pal 
VF 
F| 2 


11 
LVPYFVP is alſo known; but LVF is 
equal to BVA its vertical: Hence in the tri- 
angle AVB the angle at A is a right angle, 
and that at V with the ſide VB is given; 
therefore the arches AB and AV are found 
by trigonometry ; let the arch A B be turned 
into time according to the apparent motion of 
Venus in her orbit (for as A B is parallel, and 
ſo very near to DV there will be no ſenſible 


difference in the time meaſured by the arch 


AB, or its correſpondent arch upon the orbit) 
and that time will be the difference between 
the time of Venus being at V upon the ſecon- 
dary FA, when ſeen from the center ; and the 
time of her being at A upon the ſame ſecon- 
dary, or near it, when ſeen from London ; 
let us ſuppoſe this difference to be fix minutes 
of time, and this is given by the parallax of 
longitude AB which is part of the ine G B, or 
of which GB is a part. 


The other part GA is found by the paral- 
lax of latitude AV; let MCGV be the ſun, 
which Venus is entering upon at V, when 
ſeen from the center of the earth, and is at B, 


when ſeen from London: Six minutes after or 
before 
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before this time ſhe is at A, as ſeen from 


thence ; but here ſhe hath not yet arrived to 
touch the ſun, or hath paſt its contact by the 
line GA : The diſtance of the point V from 


D is known, from having the ſam of the ap- 
parent ſemidiameters of the ſun and Venus, and 


| the line DK the diſtance of Venus from the 


center of the ſun at the middle of the tranſit ; 

and the line VA being the parallax of latitude 

is known. Draw DN parallel to VA, which 

is therefore equal to it, and DV is equal to 

NA; draw K G, which being the ſum of 
the 


(32 } 
the fame ſemidiameters is known, from whence 


NG is found by trigonometry from the given 
parts in the right angle, triangle K N G or by 


being ſuppoſed equal to 'KG*—KN *)z for as 
theſe arches are ſo very ſmall the operation 
will be eaſter and truer by ſuppoſing them 
ſtraight lines, than by working by ſpherical 
trigonometry : Hence NG being thus found, 
NA—NG or NG—NA, or AG is known, 
which being converted into time, after the 
manner that AB was, will ſhew how much 
Venus when at A wants of touching the ſun's 
limb, or hath paſt it ; ſuppoſe it to be four 
minutes: Let this time be added to or ſub- 
tracted from the ſix minutes given by the pa- 
rallax of longitude, and their ſum or difference 
will be the diſtance of the time of the central 
contact of Venus, with the ſun at V from the 
computed time of the contact at G; if theſe 
ten or two minutes which came out by com- 
putation upon the ſuppoſition of the horizontal 
parallax of Venus from the ſun being 31 ſe- 
conds, be equal to the diſtance of the ſame 
time of the central contact from the obſerved 
contact, then it is evident that the parallax was 
rightly aſſumed ; but if they be not, their 


excels 


p 4 
* 
. 
OG 
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exceſs or defect being known, the true parallax 
will be diſcovered by the next aſſumption and 


approximation. 4 99 


This is the general method of inveſtigating 
the parallax of Venus from the ſun ; but there 
is a variety of particular caſes comprehended in 
it; the obſerver is here ſuppoſed to be on the north 
fide of the orbit of Venus, but he may be on 
the ſouth fide; the parallax of longitude is 
here larger than the parallax of latitude, but 
it may be leſs; there may be alſo a parallax of 
longitude and none of latitude, or a parallax 
latitude and none of longitude. 


But all theſe caſes will be fully exemplified 
in the arithmetical and geometrical calculations 
of the tranſits of Venus over the ſun, which 
will be treated of in the ſubſequent chapters. 
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IV. 
"THE tranſits of Ws over the ſun are 
of three kinds, | 


The firſt is, when the node is before the tranſit. 
The ſecond when it is after it. 
And the third when it is in the tranſit : This 


laſt rarely happens ; and as it is compounded 


of the other two, and may be reſolved into 
them, there will be no occafion to enter into 
any particular diſcuſſion of it. 


The order of time leads me to begin with 
the tranſits which are after the node, becauſe 
one of them was on June 6, 1761; and then 
I will proceed to the tranſits before the node, 
and eſpecially to that which will be June 
the 3d, 1769. | 


The elements which TI ſhall uſe for the cal- 
culation of the tranſit at June 6, 1761, are 
what Mr. Ferguſon gives as the moſt correct, 

| and 


= 
1 
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and by which he conſtructed his large projec- 
tion of this tranſit, viz. 


The true conjunction of the ſun and Venus 
was at 50 minutes 32 ſeconds after five in the 
morning by the time at London. 


The ſun's ſemidiameter is 15 50 


The ſemidiameter of Venus on the diſc of 
the ſun is 31”. 


The periodical time of Venus in her orbit, 
according to Dr. Keil, is 224 days, 16 hours, 
49 minutes, and 24 ſeconds, which is 224,7 
days, and according to Sir Iſaac Newton it is 
224,6167 days, which being turned into mi- 
nutes and divided by 360 degrees or 21,600 
minutes will give 14,98 minutes for the firſt, 
and 14,97 for the laſt, which is very near to 
15 minutes of time for one minute of a de- 
gree, and conſequently the mean horary mo- 
tion of Venus is 4 O, 24 of a degree. 


The equated horary motion of Venus on the 
ſixth of June 1761 was -3'-58”, 


F 2 The 


. K 
the ecliptic at the — rr 2 23 co 
And as they both move the ſame way, their 
motions mult be ſubtracted from each other, 
and their difference will be 1' 34,666. 


Let ASB be the ſun, VG the orbit of Ve- 
nus, EH the ecliptic or orbit of the earth, 
draw SVE where Venus and the earth are ſup- 


poſed to be in conjunction; let the earth move 
in an hour to F, and join SF, and ſuppoſe Venus 
to move in the ſame time to D, draw S D, 
and F D K. 


Then CD will repreſent the difference of 
the two horary motions as ſeen from the ſun, 
that is, the arch C D, or the angle CS D will 
appear at 8 to be 1 34 666. But when the 
ſame 
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fame arch is viewed from the earth at F, it 
will appear under the angle C FD, which will 
likewiſe be the meaſure of the line SK on the 
fun. From D draw DL perpendicular to S E, 
and as the angle CS is exceeding ſmall,” and 
the line 8 L very long, the difference between 
SL and SC will be ſo little that they may be 
taken as equals; from the center D and the, 
diſtance DL draw the circle D LM, then 
as SL and FL. are tangents to the ſame 
circle DLM, LS will be to L F as the 
cotangent of the angle L SD to the cotangent 
of the angle LFD; that is, 726 (the relative 
diſtance of Venus from the ſun) is to 289 (the 
relative diſtance of Venus from the earth) as 


| \ the cot. of 1' 34,666 is to the cot. of the an- 


\ gle LFD, which 1 is therefore 4,0. 


The ſame likewiſe-may be proved in ano- 
ther manner, for in the plane triangle FS D 
the ſides FS and SD, "that is the got ne nun diſ- 
tances of the earth and Venus from the ſun, 
are given with the angle Fs D, and from 
thence the angle CF D will come out four 
minutes of a degree. 


Hence 


© #} 
Hence the arch DC in the orbit of Venus 
or the line 8 K on the ſun, which repreſents 
the difference of the two horary motions, and 
is the apparent geocentrick horary motion of 
Venus, will be as ſeen from the earth four mi- 
nutes of a degree.“ | 
. Here, by the bye, is a very clear demonſtration of the mo- 
tion of the earth in the ecliptic ; for if the earth was fixed and 
the ſan moved, the motion of the ſun it is evident muſt be con- 


trary to what the earth's is ſuppoſed to be, to preſerve the ſame 
aſpects: in the figure therefore annexed, let the ſun and Venus 


be in conjunction in the line 8 VE, let Venus move in an hour 
to D, and the ſun in the ſame time to F; draw D L per- 
pendicular to FE, and the angle EF D will now repreſent 
the ſum of the two equated horary motions of the ſun, 
and Venus when ſeen from the ſun; as 8 FD before did the 
difference of the two equated horary motions, which will 
therefore be 6 21,333; and the line LF will be to the line 
LE as the cot. of the angle 6 21/333 to the cotangent of the 
angle FED, which will be 15 53', and is the apparent geocen- 
trick horary motion of Venus upon the ſun. And as the ſan's 
apparent diameter is but 31 40“, Venus would not be two 


hours in paſſing over the whole diameter of the ſun ; but 
| it 
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From all which it follows that the apparent 
geocentric motion of Venus, at its interior 
node, will be very nearly the fame with its 
mean motion in its orbit. * 


If the angle CNV of the node of Ve- 
nuss orbit with the ecliptic be equal to 
37 23 30“ and the diſtance of the fun CN 
from the node be 15 12", the right angle at 
C being given, the arch CV will come out, 3 53", 
but CV is the meaſure (ſee fig. 2d) of the angle 
formed at the ſun, by the lines SV drawn from 
the ſun to Venus, and S C, drawn from the ſun 
to its apparent place in the ecliptic : Therefore 
in the plane triangle S CV, ſuppoſing CV to be 
the ſine of the arch CV, the angle at S and 
the right angle at C together with the re- 
lative diſtance of Venus from the ſun, (viz. 
- SV 726) to the diſtance of Venus from the 


it is manifeſt, from the laſt tranfit of Venus over the ſun in 
1791, that ſhe was above ſix hours in paſſing orer only twenty- 
four minutes of the ſun's diſc, and would have been eight 
hours within a few minutes in paſſing over the whole diameter 
of the ſun, had it been a central tranſit. The fact therefore 
fhews that the geocentrick motion of Venus over the ſun muſt 
be the difference of the two motions of the earth and Ve- 
nus, and not the ſum of the two motions of the ſun and Ve- 
nus, and conſequently the earth muſt move in the eccliptic, 
and not the ſun. | 

earth 
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earth at that conjunction, (viz. 289) being 
given, the line CV will come out o, 8 1 59, and 

in the triangle CVE; the lines CV and VE 
with the right angle VCE being known, they 


E. 


will give the angle CE V ꝙ 43", which is 
the geocentric latitude of Venus from the 
center of the ſun or from the ide ..t at 
the. conjunction. | 


For 


( 42 ) 
For the ſame reaſon the angle SN V at the 
node being formed by arches of circles which 
have the ſun for their center, is as ſeen from 
the ſun 3* 23' 30”, but when that angle, or the 
ſuktenſes of the arches that form it, are viewed 
from the earth, they will appear to be arches or 


. & 


ſubtenſes of arches of circles, whoſe center is 
the earth, and therefore as before; 726: 289 
:: cot. 3* 23 30“: cot. 8* 31' 00. and conſe- 
quently the angle which the apparent tranſit line 
VN, or the viſible path of Venus on the ſun's 


diſc makes with the ecliptic SN is 8* 3100. 


Let SMED be the ſun, MnN the ecliptic, 
N the node, NAE the tranſit line of Venus: 
Let Qs B be perpendicular to M n, and Q the 
pole of the ecliptic ; let S A be perpendicular 
to the tranſit line NAE: Suppoſe the lines 
SH and SK to be equal to the ſemidiame- 
ters of the ſun and Venus, which is 16' 21", 
GE; theſe 


). 
theſe then ſhew the places of the firſt and laſt 
external contacts of Venus upon the ſun; ſup- 
poſe the lines SL and SG equal to the diffe- 
rence of their ſemidiameters which is 15 19", 
and they will ſhew where the total ingreſs and 
beginning of egreſs are. | 


The angle MN A at the node is 8* 31 O 
and SB is equal to 9 43'; the triangles 
BSN and BSA being right angled at S and 


A, and having a common angle at B are fimi- 


lar, and the angle BNS is equal to BSA, 
| IQ | 


which is 8* 31 0“; (theſe triangles are fo very 
ſmall that there is no difference whether they 
are conſidered as plane or ſpherical ; if they be 
taken as ſpherical, then in the triangle 8 BN 

5 Fae 
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the angles at 8 and N with the arch 8 B being 
given, the angle 8 BN will be found ; and in 
the triangle $ BA, the angles B and A, with 
the fide SB bens given, the angle BS A will 
come out 8* 31 o) and in either caſe SA will 
be Sound 9360: BA 1 30" in degrees, or 22 
30“ in time, SA being perpendicular to D E 
biſects it, and SA with SE or SD, with the 
right angle S AE are known; hence EA or 
AD = 12.35 in degrees, or 3/hours 8' 45" in 
time ; by the like means it is eaſy to prove 
that EL or GD = 39“ in degrees or 9 45” in 
time; HE or KD=38",6 in degrees, or 9 
39' in time; AL or AG = 11 56'; BG 17 
26"; BD 14 5“; BK 14 43˙6; BL 10 26“; 
BE 11 55; BH 11 43 ; all in degrees. 


Hence the mean time of the firſt II. 


external contact at K, as ſeen from 
the center of the earth, is in the ({* 9 33 
morn by time London 


When the center of Venus is at D 2 19 17 
Firſt internal contact at G 2 29 2 
Middle of the tranſit at A x5 28 2 

| G 2 The 
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The conjunction at B as -_ . 


by the tables, and the foundation 5 50 32 
of all the reſt, is at 


Beginning of egreſs, or > 3 
the center of Venus is at L r 
When center of Venus is at E 8 36 47 


Ending of the tranſit at H 8 46 26 


Let P be the pole of the equator, Q the 
pole of the ecliptic, NH the tranfit line; 


2 


from P draw PQ, PS, PK, PD, PG, PB, PL, 
PE, PH: In the triangle Q 8, the arch Qs 


15 
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is ninety degrees, being drawn from the aids. 
tic to its pole; QP is 23* 30 © the diſtance 
of the two poles, and PS is the complement 
of the ſun's declination at the time of con- 
junction, which is 67* 17 55: Therefore by 
trigonometry, the angle QS P comes out fix 
degrees, and PSB its complement to two 
right angles is 174 degrees. Again in the tri- 
angle PSB the ſides PS and SB, with the 
angle PSB are known ; hence the fide P B 
is found to be 67* 20 5, and the angle SBP 
5 59 37”, the angle PEN = SBN —SBP 
= 81* 29 0 — 5 59 37), which is 75* 29 
23'. In the triangles PBG, PBD, PBK, PBL, 
PBE, PBH, two fides and an angle being 
given, the remaining fides and angles will be 
known : Hence, 


9 r — 


P K=67 17 7 PK N=75 35 23 K P SS 6 13 
PD 67 17 18 PDN 75 35 5 DPS og 55 
PG 67 17 27 PGN 75 34 51 GPS og 4 
P B 67 20 51 P BN 75 29 23 B PS oo 13 
P L 67 23 30 FLN 26 y LPS 04 7 
P E 67 23 36 PEN 59; 24 53 EPS 0417 
PH 67 23 48 PHMN 7; 24 3; HPS o4 35 


Theſe 
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'Theſe-are preparatory calculations belonging 
to this tranſit in general, and equally applica- 
ble to all places on the ſurface of the earth. 


We will now -proceed to deſcribe the like 
general preparatory calculations for the tranſit 
which will be June the 3d, 1769 ; becauſe the 
particular application of theſe generals will 


- more naturally follow each other afterwards. 


OME of the elements for the tranſit 
June the 3d, 1769, will be the ſame 
as thoſe uſed in the laſt chapher for the 
tranſit in 1701. 


The true conjuction of Venus with the 
ſun June the 3d, 1769, will be at 9 hours 59 
24 mean time at Greenwich, for which I am 
obliged to the Reverend Mr. Hornſby, Savilian 
Profeſſor of Aſtronomy at Oxford. 


The ſun's ſemidiameter 15 50”, and Venus's 
ſemidiameter on the diſc of the ſun 31 as 


before. 


The apparent geocentrick horary motion of 
Venus on the ſun will be four minutes of a de- 
gree, and conſequently Venus will move one 
minute of a degree in fifteen minutes of time, 


as before. 


The ſun's place at the time of conjunction, 
by Duntbrope's tables, will be at 2 ſign 


13* 26 47. 1 
S 


TE) 

The place of the node corrected by Mr. 
Hornſby's obſervations on the tranſit in 1761, 
is at 2 ſign 14* 35 34", as ſeen from the 
earth : Hence in fig. I. the angle N at the node 


S N 


E 


being given, which is 30 23 30", the diſtance 
CN of the ſun from the node which is 1* 
8 47, with the right angle at C being given, 
the line VC will come out o 4 5, which 
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is the meaſure of Venus's latitude, from the 
ecliptic. as ſeen from the ſun ; and thereforg 
in fig. I. is the meaſure. of the angle VS E, 
but. VS is. 726 the relative diſtance. of Ve- 
nus from the ſun, and VE is 289, the relative 
diſtance of Venus from the earth; wherefore 
the angle VES will come out o' 10 14, which 
is the geocentfick latitude of Venus from the 
center of the ſun. 


The ate which the apparent tranſit line, 
or the viſible path of. Venus, makes with the 
ecliptic, as ſeen from NN will be 8* 31. 
o as before. 


Let MEn 3 ſun, nN part of 
the ecliptic, D N the tranſit line on which 
Venus is ſuppoſed ta be moving towards the 
node at N. Let Q be the pole of the ecliptic, 
P the pole of the equator ; draw QS, QP, 
PB, and PS; ſuppoſe SH and SK to be 
equal to the ſemidiameters of the ſun and Ve- 
nus, and then H and K will ſhew where the 
firſt and laſt external contacts are: ſuppoſe alſo 
the lines SL and 8 G to be equal to the diffe- 
rence of the ſemidiameters of the ſun and Ve- 
„ 3 r 


( 59 ) 
nus, and then the points G and L will ſhew 
where the firſt and laſt internal contacts are. 
Draw S A perpendicular to GL, and A will 
be the place of the middle of the tranſit: In 
the triangle N BS the line BS is 0* 10 14' 

Q 


ö 
N rr 

being the geocentrick latitude of Venus from 
the center of the ſun; the angle at N is 8* 


31 ©, and NSB is a right angle; wherefore 
the angle N B S is found to be 81* 29 6-. 


— Y 


Again in the triangle ABS, the angles at 

A and B, with the line BS being given, the 
ſide SA will be proved to be o 10 7, and 
AB 1' 30 in degrees, or 22 43",5 in time: 
and in the triangles ASL, ASH, or ASG, 
ASK, two 


„ 
ASK, tuo ſides and à right angle being 
given, there will be 


. 1 3 
AG or AL=11 29,8 in degrees, or 2 52 27 in time. 
AK or AH 12 50, 4 in degrees, or 3 12 36 in time. 
GK or LH 1 20,6 in degrees, or © 20 9 in time. 


BG 13 o, 73 in degrees, or 3 15 10,9 in time. 
BK 14 21,33 in degrees, or 3 35 19,9 in time. 
BL 9 58,9 in degrees, or 2 29 43,5 in time. 


BH. 11 19,5 in degrees, or 2 49 52,5 in time, 


Hence the time at firſt external} H. 
contact at 1 f 1938 
Of firſt internal contact at L 7 29 40, 5 
Of the conjunction as given at B 9 59 24 
Of the middle of the tranſit at A 10 22 7,5 
Of the beginning of egreſs at G 13 14 34,5 
Ending of the tranſit at K 13 34 43,5 
P$S=67 32 40 complement of the ſun's declination, 


QP 23 3o © diſtance of the two poles, 
QS go oO o diſtance of the ecliptic from its pole, 


Therefore the angle QS comes out 7* 3 26”; 
in the triangle BSP the fides BS and SP, 
with the angle Q SP being given, the angle 
PBS, or its complement Q B P, to two right 
angles, is found to be 7* 4 O and PBD = 
# H 2 QBD 


( 32 ) 


QBD—QBP=i81* 29 6% — 74 


25 6", and PB = 67? 21 4⁰⁰ | 


In the triangles PBL, PBH, PBG, PBK, 
there are two ſides and an angle given, where- 
fore the ieee and angles will come out, 


5 4 i 
PK = 67 = 31 
PG 67 25 9 
PB 67 21 40 
PL 657 18 59 
PH. 67 18 36 


Anples. | a 4, 4 
PKD= 74 19 22 
- GPS 


SD 74 19 55 
PBD 74 25 6 
PLD , 754 29 8 


PHD 74 2958. 


| HPS 


Aue. MAE \ 


KPS = © 16 23 
oO 15 © 
BPS O 1 26 
9 
O 10 ZI 


CHAP. 
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07 the ain, alle A deat of the 
| farallas of longitude and latitude. 


- HEN. V is ſeen on n 


the eaſtern Part of the hemiſphere, or 
in che forenoon from any point on the ſurface 
of the earth, and in every kind or part of a 
tranſit ; it is evident that the time which the 
parallax of longitude AB gives, muſt be added 
to the central time. 


2. But when venus is ſeen on the fin in the 
weſtern part of the hemiſphere, or in the af- 
ternoon from any point on the ſurface of the 
earth, and in every kind or part of a tranſit; 
the time which the parallax of longitude gives 
muſt be ſubtracted from the central time. | 


3. The addition or ſubtraction of the time 
which the parallax of latitude gives, depends 
Upon the kind of tranſit, the fituation of the 
obſetver, and the ingreſs of Venus on the fun, 


or its egreſs from it. 
| 4. Let 


+ va. 
4. Let the tranſit be after the node; if 
the obſerver be on the north fide of the orbit 
of Venus, the tranſit line VV will appear to be 
removed farther from the ecliptic to AA, and 
conſequently if any ingreſs be obſerved, the 
time which the parallax of latitude gives muſt 
be added to the central time. | 


But ſhould any egreſs be obſerved, FA time 
which the parallax of latitude AV gives, muſt 
be ſubtracted from it. | 


5. In the ſame kind of tranſit, if the obſer- 
ver be on the ſouth fide of the orbit of Venus, 
the tranſit line VV will appear to be removed 
nearer to the ecliptic as to AA; and there- 
fore the time which the parallax of latitude 
gives, upon an obſervation of the ingreſs, muſt 
be ſubtracted from the central time ; but 
ſhould the egreſs be obſerved it muſt be 
added to it. 


* And 3 if the * be ob- 
ſerved on the north fide ; or the egreſs on the 
ſouth fide of the orbit in the morning, the 
times which the parallaxes of longitude and 

latitude 


( 35 ) 
latitude give, muſt be both added 10 the 
er time. an 


7. But ſhould the * be obſerved on the 
north ſide of the orbit, or the ingreſs on the 
ſouth ſide in the afternoon, then theſe times 
muſt be together ſubtracted from the cen- 
tral time. 


8. Let the tranſit be before the node, then 
if the obſerver be on the north fide of the 
orbit, the tranſit line will appear to be remo- 
ved nearer to the ecliptic as to AA, and the 
time which the parallax of latitude VA gives, 
upon an obſervation of the ingreſs, muſt be 
ſubtracted from the central time, but ſhould 
the egreſs be obſerved it muſt be added to it. 


9. Should the obſerver be on the ſouth fide 
of the orbit, the tranſit line will appear to be 
farther removed from the ecliptic, as to AA; 
and conſequently if any ingreſs be 4 
the time which the parallax of latitude gives 
muſt be added to the central time; but ſhould 
the egreſs be obſerved, that time muſt be 


ſubtracted from it. 
10. And 


Co) 

10. And: conſequently if the egreſs be ob- 
ſerved on the north fide of the orbit, or the 
ingreſs on the ſouth ſide, in the morning, the 
times which both parallaxes gives muſt be ad- 
ded to the central time. 


11. But ſhould the ingreſs be obſerved on 
the north ſide, or the egreſs on the ſouth ſide 
in the afternoon, the time which both paral- 
laxes give muſt be nn. the cen- 
tral time. | 


In general, of whatever kind the tranſit be, 
the times which the parallaxes of longitude and 
latitude give will .be of the fame denomi- 
nation, that is, to be together added to or 


ſubtracted from the central time; when the 
parallactic arch AB, or line of longitude doth 
not cut the point M of any obſerved ingreſs 
or 


( 57 ) 
or egreſs : or in other words, when the pa- 
rallax of longitude AB is ſhorter than the 
line BM, drawn from the beginning of the 
parallax of longitude, to the apparent point 


of ingreſs or | egreſs : or FA Tr oh 
21 20 ante Dc r of SH 1 
e. 5 7 


| 13. But — of dilhrent drng 
minations, that is, one is to be added, and 
the other ſubtracted ; when the reverſe of what 
hath been- ſald happens, as when the parallac- 
tick arch AB cuts the point M, or when M 
| falls between A and B, or B falls between A 
and M, which ast men be, e wer 
un a >; %ig Saar To z8l 
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HE preparations for determining tho 
beſt places, where any mingreſſes of 
Venus on the ſun, or egreſſes from it, fg 


be Waden in e wee.” 


Ft Let i be bremiled, we date the 
ies AB and AV, tepreſenting the parallares 
bf lengitude and latitude equil; the time 
(hich the prrallac of latirade- gives is near 
dne fifth part less than that which the paral- 
lax of longitude gives; and the reaſon ie be 
cauſe the time, which the parallax of latitude 


gives, is not meaſured upon the line of that 
parallax AV, but upon its verſe fine AM. 


2. The places, where there will be the 
greateſt difference of time, are, where the pa- 
rallaxes of longitude and latitude are the 
greateſt, and of the ſame denomination at 
one place, and contrary to what they are at 
another; that is, there muſt be the greateſt 
exceſs of time above A central in one place, 
51A and 


and the greateſt defect from it in the other z 
and alſo the parallax of altitude muſt be in both 
places as great as it can conveniently. 


[2 Let Venus be 80 degrees from the zenith 
of any place, and let it be ſuppoſed that it is as 
near the horizon as can be diſtintly obſerved ; 
then the parallax of altitude will be very nearly 


26 ſeconds, if the horizontal parallax of Ve- 
nus from the ſun be 26,77 + and it will be 


317 37 when the ſame horizontal parallax 
is 315 586 +. 


4. When the angle AVB, which "REN 
rallax of altitude VB makes with the parallax 


of latitude AV is 50 30 O, or between 51 
and 52 degrees, the ſum of the times, which 
12 the 


(+ 68: ) 
the pirallaxes of longitude and latitude give, 
will be a maximum: that i is, the ſum of thoſe 
times will decreaſe, if that angle AVB be either 
leſſer or greater, and the farther it is from 51 
and. 52 degrees, either in exceſs or defect, 
the leſſer the ſum of the times will be: for 
example, let the parallax of altitude V B be 
as was ſuppoſed either 260 nearly, or 31 375 


and the angle AVB 5 to 51 or SE ens 


- * = 
* 8 
* 4489 9 1 1 
— * 4 


When VB is 26" nearly the parallax of longi- 
tude, AB will be 20",2 + in degrees, or 5 3" 
in time; and the parallax of latitude AV is 
equal to 16",36 + which will give AM equal 
to 12,29 + in degrees, or 3' 4",35 in time, 
whoſe ſum is 8 7,35, Which is the largeſt 


that this parallax of altitude can give, or is 
larger 


(( 629 )) 

larger than any other ſum, when the angle 
AVB is more or leſs than 51 or g degrees: 
for let the angle AVB be 90 degrees, as the 
parallax of altitude now coincides with VC, 
it will be all parallax of longitude; but that 
parallax being 26" will give only 6 30! in 
time; or if the angle AVB be diminiſhed, 
till VB coincide with the parallax of latitude 
AV, then it wilt be all parallax of latitude, 
and the time will be nearly one fifth part leſs. 
Again, let the angle AVB be 45 degrees, then 
rr ſum of the times will come out 8 4%. 
and as it approaches to 541, degrees, the ſum 
will 1 252 for if it be 50 degrees the ſum 
will be 8 %, but when the angle AVB is 
greater than 52 degrees, the ſum will decreaſe, 
for at $4-degrees_it.ia B 7 2-40 at 55 de- 
grees it is 8 7, and at 60 degrees it is 8 1,8, 
and ſo will continue to decreaſe : a8 the angle 
increafes —— N 


\ or 


5. If the 3 of altitude be 3 Lb the 
ſum of the times, when the angle AVB is 
between 51 and 52 degrees, will be 9 51",3 + 
that is, the parallax of longitude will give 24", 
38 in degrees, or 6' 5",7 in time; and the pa- 


( 62) 
rallax of latitude being 19",74 will give AM 
757,04 in degrees, or 3 45",6 in time; which 
ſum 9 g1",3 + 2% e e 
parallax of altitude. u Gh. 


6. Theſe computations are made upon the 
ſuppoſition, that the parallax of latitude VA 
falls without the ſun's diſc ; but when it falls 
within it, the maximum will be at the ſame 
angle, and the only difference will be, that the 
ſum of the times, en. a 


Let the center V of Venus be upon the limb 
of the ſun's diſc, as ſeen from-the center of the 
earth; and ſuppoſe that center to be removed 


towards or from the ecliptic C D as at B, 
when 


(( &@ ) 
when ſeen from the ſurface of the earth ; then 
BM will repreſent the ſum of the times, which 
the parallaxes of longitude: and latitude BA and 
VA give. Theline AV is always perpendicular 


to tlie tranfit line VV, but the poſition of the 
parallax of altitude BV depends upon the 
ſituation; of the obſerver, and when it ſo falls 
upon AV as to make the angle BVA between 
51 and 52 degrees; the line BM will be the 
longeſt, that can be drawn from any apparent 
center B of Venus to the fun's limb M, as was 


proved by calculation. 
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O determine the beſt places for: obſer- 
ung any ingreſſes of Venus upon _ 
4 or egreſſes from it, at * * tranſit. 

HT KVA vious oo ln. F/ E 
N. B. Though the unnſits af; Venus Jars 
* all along conſidered only at the deſcend- 
ing node, or when they are on the north ſide 
of the equator; yet whatſoever hath been or 
ſhall be ſaid concerning them will hold good, 
and may be applied to the tranſits at the af- 
cending node, or when they are on the ſouth 
ſide of the equator, with no other difference or 
alteration than ſuppoſing the two poles to be 
changed, and always putting the north or 
ſouth pole or fide for its contrary, or for the 
ſouth or north pole or ſide : As it will be there- 
fore unneceſſary to enter into any particulars 
concerning the tranſits at the aſcending node, 
we ſhall confine ourſelves, as we have hitherto 
done, to the tranſits at the deſcending node; 
and my ſubject leads me to begin with thoſe 
that are immediately after it. 
4 2 The 


( 65 ) 
The firſt thing then to be ſettled in theſe 
tranſits is the general place where the two pa- 
tallaxes are of the ſame denomination. 


It is evident from the ſixth chapter, that if 
any ingreſs be obſerved in the morning, and 
the obſerver be on the north fide of the orbit of 
Venus, both the times which the parallaxes of 
longitude and latitude give, will retard the in- 
greſs, and ' muſt be together added to the 
central. time. 


And ſhould the ingreſs in the afternoon 
be obſerved on the fouth ſide of the orbit, 
then thoſe times will accelerate the ingreſs, 
and muſt be together ſubtracted from it. 


2. The next thing to be determined is the 
particular part of the earth, on the northern 
fide of the orbit, for the morning's obſervation, 
and on the ſouthern ſide for the evening's ob- 
ſervation of ingreſs, where the aforementioned 
advantages may be had, viz. the largeſt paral- 
lax of altitude, and the greateſt ſum of the 
times, which the parallaxes of longitude and 
latitude give. 
K Theſe 


( 66 ) 


Theſe will be found in the following man- 
ner, for the laſt tranſit of Venus in 1761, 
and will be very near the ſame in every other 
tranſit after the node; becauſe there will be 
very little difference in the angles made by 
the vertical arch PV, and the orbit of Venus, 
and in the diſtances PV from the en to the 
orbit in * nw 2 | 


3. T o determine the place on the northern 
ſide for the morning's obſervation of the 


total ingreſs. 


Suppoſe the angle BVA or Z VA to be 51 
degrees, let Z be the zenith of the place ſought, 


2 . * © a 444 "WM 


RE 


. 
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and P the north pole; then the angle PVC 
is equal to 75 34 51 (ſe PG N in Gen. 
Cal. 


OS 
Cal. chap. 4) and AVP its complement to a 
right angle is 14 25 97, therefore ZVA + 
AVP = 65* 259 Z VP. In the tri- 
angle Z VP the arch Z V is ſuppoſed to be 
80 degrees, and PV = 67* 17 27“ (fe PG 
in Gen. Cal. chap. 4) and the angle ZVP is 
known; therefore the fide Z P comes out 
63* 34 48, whoſe complement to a quadrant 
is 26* 25 12, which is the north latitude 
of the place ſought. 


The angle Z PV is found to be ninety 
degrees, and is the longitude weſt of the 
meridian paſſing through Venus at this ingreſs ; | 
from which dedu& the ſmall angle SP V of 

5 41 (ſee GDS in Gen. Cal. chap. 4) and 
turn them into time, after the rate of fifteen 
degrees to an hour; and they will- make fix 
hours within a few ſeconds ; and conſequently 
this ingreſs will be at that place at fix in the 


morning nearly, 


4. To determine the place on the fouth- 


ern ſide for the evening! s obſervation of the 
total ingreſs. 0 


K 2 | Let 
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Let, BY A or AV Z be gu degrees and 
PVC will be as before 75* 34.51, and 
PVA = 14˙ 25 97 hence PVA + AVZ = 65" 
25 9% VZ. the ſides PV and Z V are 
given, that is, PV = 112* 42 23 (ſee Gen. 


5 


8 - 


Pp $ 


Cal. chap. 4) and VZ is ſuppoſed to be 80 
degrees, therefore PZ comes out 71* 53' 17), 
whoſe complement to a quadrant is 18* 6' 43 
which is the ſouthern latitude of the place 
ſought. 


The angle Z P V is equal to 70* 25 56“, 
and is the longitude eaſt of the meridian paſſing 
through Venus 'at this ingreſs, to which add 

the 
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the little angle SP V = 5 41” and turn them 
into time; after the rate of 15 degrees to an 
forty-two minutes, and therefore the ingreſs 
will be at that time in the afternoon. at 
that place. 


5. The morning's apparent ingreſs, on the 
north fide of the orbit is retarded by 8 735 
in time, if the parallax of Venus be 26 377 
and 9 513 if it be 31 "86 +. 


The evening's apparent ingreſs on the ſouth 
fide is as much accelerated, therefore the 


double of this time will be the difference of 
this ingreſs at theſe places; in the firſt caſe it 
will be 16 14,7, in the laſt 19 42,6 +. 


6. If the egreſs be obſerved in the morn- 
ing, and the obſerver be on the ſouth ſide of 
the orbit of Venus, it appears from the ſixth 
chapter that both parallaxes will be of the 
ſame denomination, and to be added toge- 
ther to the central time. 3 0 


And if the coral be obſerved in the after- 
noon 


Wn ee . ͤ—K ,, 
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noon from the north ſide of the orbit, then 
the parallaxes will be of the ſame kind, and 
to be a+; gut . time. 


$4 


7. To determine the e on the Louth 


ſide for the beginning of egreſs in the morning. 


| Let the angle AVB or ZVA be 51 degrees, 
let Z be the zenith of the place ſought, and 
P the ſouth pole, then the angle PV. C (ſee 


PLN in Gen. Cal. chap. 4) is 75* 25 4”, and 
PVA is 14* 34 57 ; which ſubtract from 
ZVA=gxS1 degrees, and there will remain 
LVP= 36* 25 3“. ZV is ſuppoſed. 80 de- 


grees, and PV is 112 36 30 (the comple- 
ment 


3. = 
ment of PL, ſee Gen. Cal. chap. 4, 67* 23 300 
to a ſemicircle) hence the ſide Z P comes out 
48* 19. 50, whoſe complement to 90 degrees 
is 41* 40 10", and is the ſouthern latitude 
of the place ſought. e ek 


The angle ZPV comes out 51* 30 1, 
and is the longitude of the place ſought weſt 
from the meridian paſſing through Venus at 
this ingreſs; to which add the little angle 
VPS (ſte LPS in Gen. Cal. chap. 4) which 
is 4 7”, and turn the ſum into time, at the 
rate of fifteen degrees'to an hour, and it will 
be nearly 3 hours and 26 minutes ; and there- 
fore the time of this egreſs will be nearly at 
8 hours 34 O in the morning where the ob- 
ſerver is. 


8. To determine the place on the northern 
ſide of the orbit, for the evening's obſervation 
of the beginning of egreſs. 


Let the angle BVA or AVZ be $1 degrees, 
then ZVC is 39 degrees, but PVC is 75 25 
Js (ſee Gen. Cal.) therefore PVZ is 36* 25 T 

| | 5: Ig 
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and the fide PV is 67 23 30”, (ſee Gen. Cal.) 
and ZV is 80 degrees by ſuppoſition ; hence 
the arch PZ is found to be 37* 1 40”, whoſe 
complement to a quadrant is the latitude of 
the place ſought, and is 52* 58' 20", 


: P. ah * — 
: py 


The angle ZPV is found to be either 
76* 7 Fa-, or 103* 52 8“ its complement to 
two right angles, for the caſe is ambiguous in 
the trigonometrical canons ; but the particular 
circumſtances of this caſe require it to be 103? 
52 8”, from which ſubtract the ſmall angle 
VPS of 4 7", and turn the reſidue into 


55 time, after the rate of fifteen degrees to an 
hour, 


Fay 
hour, and the beginning of this egreſs will be 
at 6 hours 55 30 nearly, and conſequently ; 
the beginning of egreſs will. be at that time in 
the afternoon ; and the longitude of the place 


ſought will be 1037 5a 8" eaſt from the mes 
ridian paſſing through Venus at that We 


Ai the moroing's 1 care. on he 
ſouth fide of the orbit, was later than the 
central egreſs ; and the evening's apparent e- 
greſs was ſooner, their difference will be 16, 
14, if the parallax of Venus from the fun 
be 26,377, and 19 42,6, if it be 31,86 +, 


; 9. From the foregoing ſections of this chap- 
| ter, it appears, that the latitudes and longi- 
tudes of places for obſerving the ingreſs and 
egreſs of Venus in the morning and evening 
are as follow: 


* - +4 , mY 


I. For the morning's obſervation of the ingreſs. 


Latitude north 26* 25' 14 
Wen weſt 90 © O of the mer 
OP {ond 1 e 2 


— 


L* | IL. For 
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II. For the Evening d NES: uod 


1 ſouth 18˙ 6 43 & * 22. | We _ 
Longitude caſt” 20 25 56 odio 
Nc PLING is : 000019743 903 


HI. For the : morning +0blerrtin of the eget: 


-Ay 78 5 


Latitude ſouth 41 40 1 


NT @ 51 30 19 of the A 
= es through chat egreſs. * 


& « 13 119115 


IV. For che evening I hit 


Latitude north 5a 58. 20 
Longitude eaſt 103 52 1 


0. Theſe latitudes and longitudes of the 
1 of obſervation will very well ſerye for 


the ingreſs and. egreſs in any tranſit oyer the 
fun after the node. | 

The latitudes are general, and the ſame in 
all tranſits after che node. Eo od 201 .! 

But as the longitudes are diſtances from 
the meridian, paſſing through Venus at. any 
ingreſs or egreſs,” they muſt be applied to and 
meaſured from the place where the ingreſs or 
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egrel: of every Particular tratfit after the node 
is vertical. | 
Hence IT exact time oe an e 
egreſs at any particular tranſit after the node 
be given, theſe general longitudes will be eaſily 
reduced to the meridian of any given place, 
and mes Hoc N: Thus for inſtance, 
let the tranſit be that which was June 6, 
1761, let the place be London, to whoſe me- 
ridian the aforementioned longitudes are to be 
applied and reduced: The time of the ingreſs 
of Venus at that tranſit was at 2 hours 29 2 
— the morning of the 6th of June 1761, and 

the beginning of egreſs was at 8 hours 27 2 
in the morning, by London time; theſe times 
being turned into degrees, at the rate of fifteen 
degrees to an hour, the firſt will be 37* 15 30, 
and the other 126545 30 it is evident there- 
fore that the places where Venus was vertical at 
that ingreſs and egreſs, were ſo many degrees 
deducted from 1 80 teſpectively in Iongitade eaſt 
from the meridian of London, that is, for 
the ingreſs 142* 44, 30% and for the egreſs 


53* 14 30", 


L 2 But 


CR) 

But the longitudes of the beſt places for 
obſerving the ingreſs or egreſs of any ſuch, 
tranſit being deſcribed as above, they will be 


eaſily reduced to the meridian of London, and 
are as follow -: 


I. Fe or the mornin ing 's obſervation of the in wack 

We the tranſit June 6, r ds 
Latitude north 256 · 25 12“ 791 
Longitude eaſt 52 44 30 of London. IN 


II Fe or the . 's on of the ert. 

Latitude ſouth 6.249%: 5 10 

Longitude —_ = 10 26 of London. 
or weſt 146 49 34 of London. 


III. For the mornin g's obſervation of the be- 
8 -  ginning of egreſs. 

Latitude ſouth 41* 40' 10” 

Longitude eaſt | I 44 11 of London. 


IV. For the evening's a of . 
ginning of avi 

Latitude north 52“ 58˙ 20" 

Longitude eaſt 157 6 38 of London. 


The 


GA» 
The moſt commodious places for obſerving, 
the total ingreſs, ; neareſt - theſe latitudes and 


ume were 


1 The, mouth of the River Euphrates, 
where it empties itſelf into the Perſian Gulph. 


U. In the Great Pacifck Ocean, where 
there is no land, except two or three very 
ſmall. iſlands, called by the names of the 


Dog Ille, the Fly: Iſland, and Waterland ; 
and theſe are ten degrees too much north. 


The moſt commodious places for obſer- 
ving the egreſs, and neareſt to theſe * 
tudes and latitudes were, | 


III. The extremeſt ſouthern fert of the 
Cape of Good Hope, 


— „% „ == oe 


IV. The moſt northern part of the Japan- 
ick Iſlands, or the northern coaſt of the land 
of Jeſſo, above the Iſland of Niphonia. 


The places where it was ſuppoſed, in the 
former edition of this book, that the obſerva- 
tions upon this tranſit were made, are the 
Iſland of St. Helena, London, Bencoolen in 

the 


( 78. ) 
the inland of Sumatra in the Eaſt Indies, and 
the Eaſtetn Month of the River ae 


The times which che obſervations at all 
theſe places ought to give, as found by cal- 
culation, differing from the central time either 
in exceſs or defect, were as here ſet down. 


The latitnde of St. Helena was ** 
15* 55 0 ſouth, and its longitude 9 | 
8 of the meridian of London. ; 


s. HELENA. 
The beginning of egreſs. 
Par. of Venus from the ſam, 26,37% or 317, 86 


Par. of longitude gave 6 O4 + 7 15,9 + 
Parallax of latitude I 10,5 +1 25,5 + 


SITY Oe TOS 


Sum'7 19,9 + 8/41,4 + 5 


Laſt ne 3 
Parallax of longitude 5 45 1 + & 57 + 
Parallax of latitude I ind ps Þ i + 


— 


——— —.. o_—_—— 


Sum 7 61 +833 + 


LONDON. 


( 9 ) 
L 2 N. 


1 9 * of eg gal 0 20 1184 


Se he. 2 13,3 f 4 41” + 
Parallax of latitude 3 45 — 4 30 — 


Difference 1 31, 1 49 — 


11 


* 


Laſt Eternal contact. 
Parallax of longitude 2 1 * 226 + 
Parallax of Iatitude 30 —3 495 — 


Difference o 59 1221 — 


en teen  abutivnel to Na 
" B E NC O O: LE. Na. Xallc 
South latitude 37 10 O 


Longitade eaſt 102 OW of tlie NG an of 
London. 


Ti 


Firſt external. contact 


Parallax of longitude 5 4530+ 6 * 6 + 
Dn w 0 46, 3 


« # 
4 {${4 I edt Bron hn Dt * 


- Difference + = ＋ 5 12,1 + 


Total 


680 ) 
- oy 7 
% N . . 1 . 


1/1 Total ingreſs. 
Parallax of longitude e 5-44 164g 
e „nr 7 6 — 


Difference 3 49% 4 36144 + 


— 


w 4 


2 ——U—U— =” owou_os 


2 — of "ages; 


%% ww. 


Parallax of longitude 4 17",1 — 5 10",6 — 
Parallax of latitude 2 28,5 + 3 3 + 


az 125 TE bs 4.0 
Difference I 186 — : 2 7,6 — 


- 
\ 


—— — hay oa ov - iu es nn + . 


Laſt * contact. 


— —— 


Parallax of longitude 4 39%3—5 38˙1 — 


Parallax of latitude 2 ay +248 + 


— » — _— 


| Difference | 2 . 5041. — 
70.1 F 
Total duration from the firſt to the laſt 


external contact is ſhortened by 
6 28" 6 or 8 2 72 | 


Total 3 from the firſt IDS Santa 
to the beginning of egteſs is ſhortened by 
F 387,1 or 6 44 
G AN GES. 


0 805 ) 


4 


i „ A* E 


North latitude 22%: of of | 
Longitude eaſt 89 o © of the meridian of 


3 4 


Fut external” contact. 1 n 


Parallax of lopgitude £475. + p 4773 + 
Parallax of latitude 1 345 + I "oo 


Sum. 6 22 +7 442, + 


Firſt internal contact. 


Parallax of longitude | 4 33% + 5 30 - 
Parallax of latitude I 40% +2 3 + 


| * 35 + 7. 3a 


Beginning -. 


Parallax finite 3 ˙3371—4 175 * 
Parallax of latitude 0.27 +.0 3 * 


Difference 3 6,1 2 44,4 — 


M Laſt 


({ 828 )) 
Laſt external contact. 
Parallax of longitude 3 585 — 4 48,1 — 
Fam of latitude _ © 30 1 0 3 


AI. 


ric 


Difference 3 28,5 hs 13 - = 
3 


Total duration from the ficſt to the laſt exter- 
nal contact is ſhortened by 9 50 or 11 5758 


111316 


Duration from total ingrels's to 95 ie be Zinning 
of egreſs. is ſhortened by g' 19,7 or 11 17,4 


Total of parallaxes at the beginning of egreſs. 


Helena 7 10',g9 + 8' 41,4 + 
London 1, 317,» 11 49 — 
Bencoolen 1 48,6 — 2 7,6 — 

_ Ganges IT . 6, 3 464 © — 

1 De "ning = 


Helena and London 8 42",6 or 10 30˙, 4 
Helena and Bencoolen 8 59,5 or 10 49 
Helena and Ganges 10 — 2 or 12 25,8 


«4/44 „ 


Difference of Duration at " Bencpolen, anc 
Gan ges from firſt to laſt external contact 


- ® 21” ae 556 
From total ingreſs to the beginning of egreſs. 
341% or 4 33",4 


* 
* f 
0 . 


CHAP. 


Gmarning the 2 7 Venus before 
the node. 


1. TT is evident; from the 6th chapter, and 
A che 10th and 11th ſections, that in 
tranſits of Venus before the node, if the in- 
greſs be obſeryed from the ſouth fide of the 
orbit in the morning, the times: which the 
parallaxes of longitude and latitude give, will 
be of the fame denomination and retard the 
ingreſs, and therefore muſt be together added | 
to the central time. | 


And ſhould the ingreſs be 5 in the 
afternoon, from the north ſide of the orbit, 
then the times which both parallaxes give will 
accelerate the ingrefs, and muſt be ſubtracted 
from the central time, 


2. To determine the beſt place on the 
ſouthern ſide, for the morning's obſervation of 
total ingreſs at the tranſit, June 3, 1769. 


M2 Zauppoe 


LE 

Suppoſe the angle BVA or ZVA = 51* © 
o, the angle PVC = 74* 29 8“ (fee PLD in 
Gen. Cal. chap. 0 and PVA = iß' 30 52" 
and PVZ = 35* 29 80, and VZ is ſuppoſed to 
be 80 degrees: The fide VP is equal to 112* 
41 17 or 67* 18 59 (ſee Gen. Cal. chap. 5.) 
therefore two ſides and an angle being given in 
the triangle PVZ, the fide ZP will come out 
47* 42' 32", whoſe complement to a quadrant 
=' 42* 17 287, the latitude ſouth of the 


place ſought : And the angle ZPV = 50* 36 
27 longitude weſt from the total ingreſs. But 
ſhould ZV be ſuppoſed 85 degrees, then ZP 
will come out 44* 13' 9, whoſe complement 
to- go degrees is 45* 46 51, and is the lati- 
tude ſouth of the place ſought ; and the angle 
ZPV is 56* 1 17 the longitude weſt from the 
total ingreſs. | 

3. To 


( V3 
3. To determine the place, on the northern thern 
fide of the orbit, for the evening s obſervation 
We the total ingreſs. 


The angle BVA or AVZ = 51 degrees, 
and PVC as before is 74* 29 8˙, and AVP = 
15* 30 525 the fide PV is in like manner 67 
18“ 59", and Z V is ſuppoſed 80 degrees. 
Whereſore Z comes out 367 12 48”, whoſe 
an 5 


complement to go degrees is 53*.47' 12" the 
latitude; north of the place ſought ; and the 
angle ZPV is found to be 10436 51", which 
is the longitude eaſt from the meridian paſſ- 
ing through the 01 ingreſs. 


If ZV be 85 degrees, the complement of 
PZ, or the latitude north, will be 51* 26' 46", 


and 


— — — — — + 


13860) 
ond e angle APV: or the r 
te u $3 4p. 4 


If ZV be ſuppoſed o — + the * 
ment of N. or the latitude north, will be 
48* 42 9; and the angle * 
tude caſt, e 18 34”, =. 


{Winn Gap the ꝛoch and 11th eons 
of the 6th chapter, that if any egreſs in any 
tranſit before the node be obſerved from the 
north fide of the otbit in the morning, the 
parallaxes will be of the ſame denomination, 
and muſt be together added to the central time 
of that 4 becauſe they retard it. 


Again, if any ads be obſerved in 
the afternoon from the ſouth fide of the orbit, 


then it will be accelerated, and the times 
which the parallaxes give, muſt be together 
1 | 


5. To determine the beſt place, on the nor- 
thern ſide, for the morning's E of 


the oe? of egreſs. 


— 


Let 


( (873) ) 

Let Z VA be 5 degrees. or AV By and as 
PVC is 74* 19 55 Ae Gen, Calf in, chap. 5.) 
the angle AVP = 157 40 5"; hence ZVP = 
6640 5lp the arch ZV. is ſuppoſed to be 
d degrees, and PV = 6 25 gt (et Gent; 


21910 10 griinaiged 


OV bas 29 b 17 


S 
od 72 2 O , 
= VJ A 


PR» TIT 5 
8 92 8 Ti: 


a — 


Cal. chap. 5.) hence two 9 an angle 
being given in the triangle Z VP, the fide ZP 


comes out 64* 43 55", whoſe complement to 
go degrees is 25 160 5˙, and is the latitude 
north of the place ſought; the angle ZPV is 
found to be 89“ 25 o, which is the longitude 
welt from that egreſs. ene 


Should ZV be 85 degrees, then ZP will 
come out 66* 33/ 34” and 'the latitude north 
2. is 


6.4 4 +4 


6880 
is 23* 26 26“; and dhe angle 2 TV, or the 
e weſt is 94 25 ie ＋ 7 21 5 


6. To Getenmine the bell 8 OT 
thern ſide, for the evening's obſervation of the 


beginning of egrels. 


Let ad, degrees, and PVC 
is 74* 1955 PE e 4e S as be- 
fore, and AY is 80 degrees,” and PV = 
112* 34 51"; hence feen. 72 56 27, 

= B | 
Vw C7 ———— 


— 


1 


IA 
whoſe complement 17* 3' 58" is the latitude 
ſouth of the place ſought; and the angle 
ZPV is 71* 4 20", and the longitude. caſt 
from the beginning of egreſs. 


Should 


(' 39 ) 
Should the zenith diſtance ZV be 85 de- 
grees, then ZP comes out 70* 40 51", and 
its complement 197 19 9 is the latitude ſouth 
of the place ſought ; and the angle ZV is 75˙ 


17 07 


43 2“ and is the longitude eaſt from that egreſs. 


7. The latitudes and longitudes of the places 
of obſervation being collected from the fore- 
going ſections, are as here ſet down. | 


For the morning's obſervation on the total 
ingreſs. 
80 85 90 
Lat. ſouth 42. 17 28“ 45* 46 651“ 
Long. weſt 50 36 27 56 1 1 


For the Evening's obſervation on the total 
ingreſs. 
Latitude north, 
53* 47 12 51 26 46 48˙ 42 9 
Longitude eaſt, a 
104 36 51 111 53 47 118 18 34 


For the morning's obſervation on the beginning 
of egrels. | 

Latitude north 25 16' 5” 23* 26 26 
Longitude weſt 89 25 © 94 25 48 

N For 


( 98”) 
For the evening's obſervation on the begin- 


ning of egreſs. | 
Latitude ſouth 17 3 58” 109 19 9 
Longitude eaſt 71 4 20 75 43 2 


8. As there are but few minutes between the 
firſt external contact and the total ingreſs, the 
ſame place will do very well for the obſerva- 
tion of both; and for the ſame reaſon, the be- 
ginning of egreſs and the laſt external contact 
may be obſerved from the ſame place. 


Though the aforementioned latitudes and 
longitudes are determined by the angles PLD 
and PGD, and the arches PL and PG (ſee 
Gen. Cal. chap. 5) and adapted to the tranſit 
June 3, 1769, yet as there is very little dif- 
ference in thoſe angles and arches in any other 
tranſit before the node, the ſame latitudes and 
longitudes will give the beſt places of obſerva- 
tion for every tranſit before the node. 


Theſe latitudes and longitudes then are ge- 
neral, and the latitudes always continue fo, but 
the longitudes in every particular tranſit before 
the node muſt be applied to the place where 

the 


(' 989), 

the ingreſs or egreſs of that tranſit is vertical, 
or to the meridian that  pafſes through that 
ingreſs - or - egreſs; and when that place or 
meridian is known, the places of obſervation 
which are determined by the general lati- 
tudes and longitudes may be eaſily referred 
to and deſcribed, by the latitudes and par- 
ticular longitudes from any known or primary 
meridian. Thus for inſtance to apply theſe 
general latitudes and longitudes to the meridian 
of Greenwich, for the tranſit in June 3, 1769 ; 
the firſt internal contact at that tranſit will 
be at 7 hours 29 40ʃ, 5 in the afternoon, 
which, being turned into degrees, at the rate of 
fifteen degrees to an hour, will ſhew the lon- 
gitude of Greenwich (if the little angle LPS 

which is 9 minutes be ſubtracted from it) to 
be 112* 16' 7,5 eaſt of that contact. 


In like manner the beginning of egreſs at 
that tranſit will be at 13 hours 14 345 af- 
ternoon, which being turned into degrees, at 
the ſame rate as before, and adding to it the 
little angle GPS which is fifteen minutes, (ſee 
Gen. Cal. chap. 5) will ſhew the longitude of 


Greenwich to be 198* 53' 37's, caſt from 


that egreſs. 
f N 2 Hence 


—— — © 


= -——_— 
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9. Hence the beſt places for obſerving the in- 
greſs and egreſs at this particular tranſit in 
1769, may be deſcribed by their general lati- 
tudes and particular longitudes, from the meri- 
dian of Greenwich; which will be as follow, - 


Morning's obſervation of the total ingreſs. 
Lat. fouth 42 17 28” 45" 40 51" 
Long. weſt 162 52 34,5 168 17 8, 

G91 uy" def Greenwich. 


© 4 Evening's obſervation of total ingreſs. 


Lat. north 53* 47 12” 51* 26' 46” 48* 42 9” 
Long. weſt 7 39 16,5* 0 22 20,5 6 2 2635 
| weſt of Greenwich. eaſt of Green, 


Mornin g's obſervation of the beginning of egreſs. 


Lat. north 25 16' 5” 23 26' 26” 
Long. weſt 288 18 37,5 293 19 25,5 of Greenwich. 
or caſt 71 41 22,5 66 40 34,5 of Greenwich. 


Evening's obſervation of the beginning of egreſs. 


Lat. ſouth 17* 3 58“ 109199“ 
Long. weſt 127 49 17,5 123 10 35,5 of Greenwich. 


N. B. The 


e 
N. B. The places given for obſerving this 
tranſit were wrong in the firſt edition of this 
book, the miſtake was owing to the ſuppoſi- 
tion of this tranſit being after the node, and 
ſimilar to that in 1761, and calculating the 
places from this falſe ſuppoſition. 


10. If the parallax of the ſun be either 
8. Lchalf, or 10 1-half, or 12 1-half, then in 
the places determined by the aforementioned 
longitudes and latitudes, for obſerving the total 
ingreſs, the parallax of longitude will give in 
time, at the zenith diſtance of 80 degrees from 
that ingreſs, either 


8” 1-h. ſun's par. 10" 1-h, 12" lch. 


3' 4%, oer 5 2% or 6 5% in time. 
15 Parallax of latitude gives, 

2. 34, 5 or 3 30,0 or 4 12,0 in time. 
6 16,6 | n 17,7 ſum of 


the times. 


But ſhould the zenith diſtance from Venus 
at this ingreſs be 85 degrees, then 


Parallax 


— 7˙—Ü˙Üͤü ——̃ꝛĩ ˙ —ü—ͤ— 


Cs Cs ie LI 


( 94 ) 
8” 1-h. 10“ 1-h. 12“ 1h. 


Rats 3 44,7 or 5 Ponte 9˙9 
Par. of lat. 2 36 or 3 31, 5 or 4 15 


Sum of both times 6 20, 7 or 8 37,7 or 10 24,9 
Should the zenith dbu be * de- 
grees, then, | 


Par. of lon, gives 3 45”, * or 5. 755 or 8 11574 
Par. of lat. 2 36 or 3.31, 5 or 4 28,5 


eben 21,6 or 8 39 or 10 39,9 


11. As both morning's and evening's obſer- 
vations of this ingreſs give the ſame times, and 
as the times of one muſt be added to the cen- 
tral: time of this ingreſs; and the times of the 
other muſt be ſubtracted from it, the difference 


between them will be double of thoſe times; 


that is, the difference of the morning's obſer- 


24 „ — 


vation of total ingreſs from the evening's obſer- 


vation will be at 80” diſtance from that ingreſs 

8 1-h. 10 1-h. 12 1-h, 
either 12.33% 0 17 05% 4 or 20354 
at 85 diſtance 12 41,4 or 17 15,4 or 20 49,8 
atgo*diſtance 12 43,2 or 17 18 or 21 19,8 


The 


( 95 ) 
The difference of the, morning's obſervation 
of the beginning of egreſs, from the evening's. 
obſervation of the ſame egreſs, at the places 
pointed out by the. aforementioned longitudes 
and latitudes, will be near the ſame with the 


difference between the total ingreſſes, as de- 
{cribed above. 


12. The places on the earth which nearly 
correſpond to the latitudes and longitudes from 
the meridian of Greenwich, for obſerving the 
ingreſs and egreſs of Venus on the ſun in the 
the tranſit, June 3, 1769, are | 


For the morning's obſervation of total ingreſs, 


In the ſouthern part of the great pacifick 
ocean; but there is no land either at eighty 
or eighty-five degrees zenith diſtance from this 
ingreſs, there are indeed a few ſmall iflands 
near the equator, called the Dog Iſland, Fly 
Iſland, Waterland, &c. 


Theſe places may have pretty near the true 


longitudes, but they are 40 degrees diſtant from 
the true latitudes, 


* 


The 


— — 8 = 
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The places for the evening's obſervation of 


total ingreſs are 


Firſt, for the zenith diſtance of 80 42S 
from Venus at that ingreſs, the City of Dub- 
lin, the metropolis of the kingdom of Ireland ; 
for it nearly correſponds with the given longi- 


tudes and latitudes for that evening's obſervation. 


Secondly, for the zenith diſtance of u 
five degrees from Venus, Greenwich is the 


beſt place. 


Thirdly, for the zenith diſtance of ninety 
degrees from Venus; Paris, or ſome few 
leagues to the caſt of that city, becauſe it is 
not above three or four tin. el eaſt of 
Greenwich. 


This ingreſs may be obſerved likewiſe at 
any part of the Azore Iſlands, at Newfound- 
land, or Quebec; or any place in North Ame- 
rica, from Cape Breton to Georgia. 


The places for the morning's obſervation 
of the beginning of egreſs, which anſwer to 
the proper longitudes and latitudes, lie in the 

inland 


(oe ) 

inland parts of India and China; fo that any 
place north of the River Ganges, or aby part 
of the ſea coaſt of China or Nankin, the 
iſland of Formoſa, or any of the Japannic 


Iſlands, will net be .iacominiodipus places at 
either zenith diſtance from Venus for the ob- 


Ten er thiF ered. coitgtiuolgo TH 4 
20x glia oo | 


The places 9 the Rt obſervation of 
the beginning of egreſs, at either zenith diſ- 
tance from Venus, he in the great ſouth ſea, 
where ther&' no land near the given longi- 
tudes and latitudes; the extremeſt ſouthern 
part of the Peninſula of California anſwers 
pretty near to the given longitudes, but it 
hath twenty-five degrees north latitude, inſtead 
of ſeventeen or eighteen ſouth latitude ; and 
therefore it is two or three degrees north of 
the orbit of Venus, which will make the pa- 
rallaxes of longitude and latitude contrary to one 
another, and for that reaſon it will give much 
leſs time than the proper places would give; 
but yet it is the beſt place that can be moſt 
eaſily come at; unleſs there be any iflands that 
lie ſouth caſt of it, and therefore we ſhall make 

— ul 


(98. ) 
uſe of it for our calculation of the times in 
its due place. 8 N 


4 * 
- 
5 Y 
1 - X 
= 1 
* 


3-20 101 20909 v.01 gongitib l. S 
HE calculation of the times which. 
the parallaxes of _ and lati- 

at: wn: in particular places. T 


"WATERLAN hare Ms 


| | For the firſt external, contath,, 
--This iſland is in the great pacifick ocean, 5 
according to our beſt maps is ſituated near 152 
degrees longitude weſt of the meridian of 
Greenwich, and five degrees ſouth latitude, 
which give a zenith diſtance from Venus at 
the firſt external contact of the ſun 51 40 
55”, the angle which the parallax of altitude 
makes with the parallax of latitude or AVB 
will be 78* 47' 42"; and if the ſun's paral- 
lax be ſuppoſed either 8 1-half, 10 1-half, 
or 12 1-half, then the times which the pa- 
rallax of longitude at this contact gives are 


343% or 5 4 


4,7 Or 6' 8',2 


6999 
- The ümes which the GRO of latitude 
give are, | | 
o' 33 2 or. © 46's or o 54' 
—ä — — — 
4 16,8 or 5 51,2. or. 7 2,2 
ſum of the times. 


IF Win contact een gen the center be by 
Waterland time at 9 1 315 in the morn- 
ing, then the time of this contact ſeen from 


Waterland will be, by adding the above times 
to the central, at 


9* 5 40.5 or 97 22% or Of 8 33% 


WAT E RIL AN P. 


For the total ingreſs. 


7 iy zenith diſtance from Venus at this in- 
greſs will be 47 40 48", and the angle AVB 
will be 74* 57 51". 


Times of par. of long. 3 27,3 ot 4 42',4 or 5 41,2 
| Parallax of latitude, o 51: orx 9 or 1 22,5 


Sum of both N 4 18,3 or 5 51,4 or 7 357 


If this contact at the center by Water- 
land time be at g* 21 40's, then the times 
O 2 of 


4 - — pw — —————_ 


gle AVB = 54* 51 40. 


(100) 
of. this ect at Meilen nil. he 9? 2.5 
58'8, or 9˙ 27 31,9, or 9“ 28 — £ 


CALIFORNIA * 
For the firſt external contact. 


The ſouth * of this long Peninſula is 
about 120 degrees longitude weſt of Green- 
wich, and 24 degrees north latitude; the ze- 
nith diſtance from Venus will be 1 1* 35 7 
and the angle AVB is 60* 40 53. 


Times of par. of long 0 $442 or 1 1172 or I 26" + 
Parallax of latitude © 0 24 or © 31,5 or o 39 _ 


Difference 9/392 c 0.397 ot 0 47 + 


If this contact er the center by California 
time be at 119 315 in the morning, this 
contact at California will be at 110 100 1,7 
or 11˙ 10 1172, or 115 100 18˙)5. 


CALIFORNIA. 
For the total ingreds. 
The zenith diſtance = 7* 26 14, the an- 


Ane 


({ naw ) 


Time of par. of long. © 30 or of 48 or 50",5' * 
Parallax of latitude, . or O 23.5 or 0 30,5 —! 


2 8 127 0 or o 20 hay: 


11 this wenne by California. time. 50 at 
dn er at 11* 29 40,5 in the moming. at 
California' it will be at 11 29 53%, or 115 
29 5858 or 11˙ 30 0% 5. 


GREENWICH. 


For the firſt external contact. 


The whole proceſs for finding the times 
which the parallaxes of longitude and latitude 
give is here ſhewn at large, and once for all, 


that it may be a pattern to find out or prove 


the times of any other place which are there- 
fore abbreviated. 


Let SVC' be the orbit bf Venus, AA an 
arch drawn from the pole of Venus's orbit, 
and perpendicular to the orbit; let P be the 
pole of the equator, and join PV; ſuppoſe 
Venus at this contact to be at V, moving to- 
wards 8; let Z be the zenith of Greenwich, 
ni d, r e „ 

5 ZV, the 


(roa) 
ZPV, the arch PZ is the complement of the 
latitude of Greenwich to 90 degrees, which is 
38* 31' 30“: And the fide PV (ſee Gen. 
Cal. chap 5) is 67” 18' 36': And the angle 
ZPV is 107* 12 31,5, becauſe the time of 
this contact (fee Gen. Cal.) is at 7* 9 315 
in the afternoon by Greenwich time; which 


A * 


A 

being turned into degrees, at the rate of 15 
degrees to an hour, make 1077 22 52% 5, 
which is the angle ZPS; if the line PS be 
ſuppoſed to be drawn through the center of 
the ſun, but the angle V P'S. (ſee HPS in 
Gen. Cal. chap. 5) is 0 10 21“, which ſub- 
tradt from ZPS, and there vill remain ZPV 
= 10% 12 31 55: The two ſides therefore in 

| the 


(- 1093. ) 
the triangle ZPV being given, with the angle 
ZPV, the fide ZV will come out 827 31 25 
and the angle ZVP = 36* 49 53“: But the 
angle PVC (ſee Gen. Ca) is 74* 29 53", 
therefore AVP = 15* 30 7% and AVZ = 52* 
20' o' BVA: ZV being the zenith diſtance 
from Venus, gives for the parallax. of altitude 
either 19,19, or 26,15, or 35",59, accord- 
ing as the e parallax is ene to be at 
8 2. al, 10 1-half, and 12 Ihalf; produce 
20 to B, ſo that VB be equal to the parallax 
of altitude, and draw B A parallel to VC, 
and j Join, \ VA. As Vis the place of Venus at 
this contact, when ſeen from the center of 
the earth, B will be the place where Venus ap- 
| pears to be at the ſame time when ſeen from 
the place where Z is the zenith, and therefore 
BA will be the parallax of longitude, and VA 
the parallax of latitude. Now in the triangle 
BVA the angle at A is a right angle; the an- 
gle BVA is known, and the fide BV is alſo 
known ; from whence BA the parallax of on- 
gitude is found to be 1 519, or 20%, or 2 © 
which give in time either 3 47,8, or 5 10%, 
or 6' 15. The parallax of latitude = VA 
| | comes 


22 , 
comes ont 11",72, or 15,98, or 197,3 but 
VA is equal (fee fig. 2) to KN, and KS = 


o* 10 14. - (he A Cal n SN = Io 

2,2, or g: :58, „OI, or 9 54 75 and SM beivg 
the ſum, of the ſemidiameters of the ſun and 
Venus, is 167 Al, hence NM is known ; and 
KV or NA = II 195, (ſe BH in Gen. Cal.) 
therefore; NM — NA being equal to AM is 
either g",2, or 12",5, or 149, which give in 
time 2 18% or:3' 75, or 3 43",5- But the 
times which BA and AM give are the times 
that the external contact at the center ex- 
ceeds this contact at Greenwich, which are 
either 6 5˙%8 or 8 18, or 9 58% 5: The 
time of this contact at the center will be 
by Greenwich time at 7 9 31,5 (ſee Gen. 
Cal.) and therefore if we ſubtract the afore- 
mentioned times, we ſhall have the time of 
this contact at Greenwich; which will be 7* 


3 25 7, or 7* 1 13',5, or 6˙ 59 33. 
N. B. In 


Greg) 

N. B. In all places where this contact may 
be obſerved the arches AV and PV, and the 
orbit of Venus VC, are the ſame, or have the 
ſame ſituation in reſpect to one another; but 
the arch ZV hath different poſitions, it is here 
north eaſt in reſpect to PV and the orbit 
of Venus, but it may be north weſt, or ſouth 
eaſt, or ſouth weſt, in all which caſes, the 
figure muſt be drawn agreeable to it. 


Again the little angle SPY which is made 
at the pole of the equator, and from thence 
contains almoſt the ſun's femidiameter, mult 
be added to the angle ZPV at a morning's 
ingreſs or evening's egreſs, and ſubtracted from 
it at an evening's ingreſs or morning's egreſs. 


G RE EN WIe K. 
For the total ingreſs. 


The zenith diſtance = 85* 11 8", and the 
angle AVB = 51* 51 207; 


Times of par. of long. 2 47,5 or 5' 10”, or 6 14",6 
Parallax of Jatitude, 2 33,7 or 3 28,5 or 4 10,5 


— —— 


Sum 6 21,2 or 8 38,5 or 10 25,1 


P which 
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which ſubtract from the central time = 7 
29 40", 5, and this ingreſs = 7 23 19%, Or 
7 21' 2", or 7* 19 15% 4 at Greenwich. 
DU B LIN. 
For the firſt external contact. 


Dublin is ſuppoſed to be 6“ 41 o“ longi- 
tude weſt of Greenwich, and 53* 20 o“ la- 
titude north; the zenith diſtance = 77* 56 
58“: AVZ or BVA = 52' 23 46". 


Times of par. of long. 3' 448 or 5 6,4 or 6 10% 
Parallax of latitude 2 16,5 or 3 3,2 or 3 40,5 


Sum 6 1,3 or 8 9,6 or 9 507 


If this contact at the center by Dublin 
time be at 6* 42' 47",5, then it will be at 
Dublin = 6* 36 46",2, or 6* 34 37% 9 or 
6˙ 32' 56",8. 

DUBLIN. 
For the total ingreſs. 


The zenith diſtance = 80* 43' 40% ZVA 
or BVA = 51* 9 48". | 


© 


Times 


(. xop: ) 


Times of par. of long. 3 43,2 or 5' 4 or & 7,3 
Parallax of latitude, 2 34,5 or 3 28,5 or 4 12 


Sum 6 17,7 or 8 22,7 or 10 19,3 
which being ſubtracted from the central time 
of this contact, that is from 7* 2 565, it 
will be at Dublin = 6* 56' 38",8, or 6* 54 
23˙,8, or 6* 52' 37",2. 


QUEBEC, the metropolis of CANADA, 
For the firſt external contact. 


Quebec is ſuppoſed to be 70˙ o' o' longi- 
tude weſt of Greenwich, and 47˙ 12' of 
north latitude. 


The zenith diſtance = 38* 31 44”, AVB 
—_ 56? 46 18". 
Times of par. of long. 2 31”,2 or 3 26",1 or 4 9 
Parallax of latitude, 1 21 or 1 46,5 or 2 7,5 


Sum 3 52,2 or 5 12,6 or 6 16,5 


which being ſubtracted from the central time 
of this contact, which by Quebec time = 2* 
29 31",5 in the afternoon, will make this 
contact at Quebec = 2 25 39",3, or 2 24 
18˙½9, or 2* 23' 15". 

FN QUEBEC. 


(' xo ) 
QUEBEC. 
For the total ingreſs. 
The zenith diſtance = 41* 40 55", AVB 
* 58* 55 29". 


Times of par. of long. 2 45,3 or 3 453 or 4 32",1 
Parallax of latitude, I 24 or 1 55,5 or 2 21 


Sum 4 9,3 or 5 40,8 or 6 53,1 


which ſubtract from the central time which is 
= 2* 40' 40',5, and this ingreſs at Quebec 
will be = 2 36' 31",2, or 2* 34 59',7, or 
2" 33 474. 


CHARLES-TOWN, in SouTu-CARoLINA. 
For the firſt external contact. 


Charles-Town is 78* longitude weſt of 
Greenwich, and 32* 40 O north latitude. 


The zenith diſtance = 27* 36 36, AVB 
= 77" 55 39+ 


Times of par. of long. 2' 11,5 or 2 59/2, or 3 36",6 
Parallax of latitude, o 24 or © 31,5 or o 375 


* 1 „ EF T1 


Sum 2 35,5 or 3 30,7 or 4 14,1 


which 


( 09 ) | 
which ſubtract from the central time of 
this contact, which is by Charles-Town time 
= 1* 6+ 31”,5 in the afternoon, and it will 
be at Charles-Town either at 1 54” 56 or 1 
54 0,8, or 1 53 174. 


CHARLES TOWN. 
For the total ingreſs. 


The zenith diſtance = 317 47 * B VA 
79 40% 33+ 


Times of par. of long. 2 30 4 or 3 25 or 4 76 
Parallax of latititude, o 19,5 or o 31,5 or © 37,5 


Sum 2 49,9 or 3 56,5 or 4 4551 


which ſubtra& from 2 17 40% 5 the central 
time of this ingreſs, and it will be at Charles- 
Town either at 2* 14 50",6, or 2* 13' 44 
or 2" 12' 55" 4. 


Let us now compare the ſum of the times 
which theſe places give with one another. 
GREENWICH. 
iſt. ex. con. 6' 5",80r 8' 18" or 9 58%,5— 
Total ingreſs 6 21,2 or 8 38,5 or 10 25,1 — 


DvuBLIN, 


( 110 ) 
E018 £1. N. 


iſt ex. con. 6' 1,3 or 8“ 9˙%6 or 9g 5o",7 — 
Total ingreſs 6 17,7 or 8 32,7 or 10 19,3 — 
VS & C 
1ſt ex. contact, 3 52,2 5 12,6 6 16,5 — 
Total ingreſs, 4 9,3 5 40,8 6 53,1 — 
CHARLES-TOWN. 
1ſt ex. contact, 2 35,5 3 30,7 4 14,1 — 
Total ingreſs, 2 49,9 3 56,5 4 451 — 


WATERLAN D. 


iſt ex. contact, 4 16,8 5 51,2 7 -2,2 + 
Total ingreſs, 4 18,3 & 51,4 7 3,7 + 


CALIFORNIA. 


1ſt ex. contact, o 30, 2 © 39,7 047 + 
Total ingreſs, o 12,7 o 18,3 o 20 + 


As the difference of the times of either 
contacts between Greenwich and Dublin, is 
not more than four or five ſeconds, when the 


parallax of the ſun is ſuppoſed to be 8 1-half, 
it 
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it 1s very probable that the difference of the 


times between Dublin and any place within 


Great Britain, will not exceed that ſum, and 
in moſt places it will be leſs. 


Difference of time between Greenwich and 
Waterland. 


1ſt ex. con. 10˙ 22%,6 or 14 9",2 or 17 0,7 
Total ingr. 10 39,5 14 29,9 17 28,8 


Difference between Greenwich and California. 


1ſt exter. contact, 6 36 8 57,7 10 45,5 
Total ingreſs, 6'33,9 8 56,8 10 45,1 


Difference between Greenwich and Charles 
Town. | 


1ſt exter. contact, 3 30,3 4 473 5 44,4 
Total ingreſs, 333 4 5 40 


Difference between Greenwich and Quebec. 
1ſt exter. contact, 2 13,6 3 5,4 3 42 
Total ingreſs, 2 14,9 2 87 322 


NANKIN, 
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 NANKIN, in CHINA. 
The Denning” of egreſs. 


Nankin is ſituated: about 32 degrees north 
latitude, and 242 longitude weſt of the me- 
ridian of Greenwich. | 
The zenith diſtance = 39 10" 54”, AVB 
= 50* 51 57". | | 
Times of par. of long. 2 22",zor 3 13,9 or 3 541 + 
Parallax of latitude, 139 2 15 2 43,5 + 
Sum 4 1,2 5 28,9 6 37,6 + 
The time of this egreſs at the center by 
Nankin time is at 9 &6' 34,5 in the morn- 
ing, and therefore it will be at Nankin 9 
10 35 % or 9“ 12' 3",4 or ꝙ 13' 1244; 


NANK IN, in CHINA. 
Laſt external contact. 


The zenith diſtance = 34” 54 13", AVB 


S 
Times of par. of hag 2 78 or 2 54",ror 3 30˙%,3 + 
Parallax of latitude, 1 24 154 ' 2 18 + 


Sum 3 318 448,1 5 48,3 + 
This 


( x73 )) 

This contact at the center will be at 9 
26 43",5, in the morning, therefore it will 
be at Nankin either at 930 53, of g 
31 31% br 98 32 38. \ ACTS 


WATERLAN D. 
The beginning of egreſs 
The zenith diſtance = 53* 28' 50", AVB 
= 49*' 9 30". 


Times of par. of long. 2 56,4 or 4 0,4 or 4 go",5 — 
-Pata!lax of latitude, 2 18,2 39 3 48 2 


Sum 316 7 94. 8 38,5 — 
This egreſs at the center by Waterland 
time is at-3* 6' 34,5 in the afternoon, there - 
date at Waterland it will be 3 1 19",9, or 
2 59 2571 or 2 $7 56 


WAT ER LAN D. 


The zenith diſtance = 57* 45 27: AVZ 
254 24.5. 


EB or 5 201 
Parallax of latitude, 1 57, or 2 43,5 or 3 18, 


Sum 5 11,4 or 7 8,5 or 8 38,1 
Q This 


( 244 )) 
|. This contact at the center by Waterland 


n at 30, 26, 43,5 in the e 
qperefore, at Mascland it will be at 30 21 


32,1, or 3 19 35% or 3* 18 5%. 


- 


"Wining of e. 


The zenith diſtance = CTY 7 36% AVB 
* © * 


Time of par. '& 3 4 33% or 6 13',2 or 7 30% — 
Parallax of latitude, o 18 oO 24 0 28,5 + 


| Difference | $159 5 4992 7 3 


This e at the center by California 
time is at 5 14 34 e 
therefore at California it will be at 5˙ 1 


18",6, 64 * 5 7 32", 1. 


CALIFORNIA. 
AVA: | Laſt external contact, 


The zenith diſtance = 75 2g 48", AVE 
2 3 20˙. 9 4 f 


Times 


Guns) 
Times of par. of long. 4 39,6 br 6 or of 
Parallax of latitude, © 24,0 or 9 31,5 or o 36, + 
"I Lo %ixl Saya. 


f e * 
5 © 


Difference, 4186 ,0r,5 49.5.0, 7 91 


This contact at the center by California 
time is at 5* 34 435 in the evening; there- 
fore at California it will be at 5 30 27, 9 
5 28 54", or 5 27 390. LA 15 [ts] 


The ſum or difference of the times which 
the aforementioned places give, is at 


NANKIN, in CHINA, 


Beg. of pr. 4 17 or 5 28“, 9 or 6 37,6 + 
Laſt ex, con. 3 31,8 4 48,1 5 48,3 + 


WAT E RLAN D, 


Begin, of egreſs, 5 14,6 7 9,4 8 38,5— 
Laſt ext. contact, 5 11,4 7 8,5 8 38,1— 


CALIFORNIA, 


Begin, of egreſs, 4 15.9 5 49,2 7 2,4— 
Laſt ext, contact, 4 15,6 5 49,5 7 4,3— 


AA Q 2 Difference 


Difibrence beten Nunkein and Waterland. 


Beg. of ogr. 5 1558 0 4 12' ' 383, 0 or 15 16%½1— 
Laſt ex. con. 8 43,2 6r 11 56,6 of 14 26,4 — 


Difference between Nankin and California. 


Begiq. of egreſs, 8 1, 11 18.1 13 40, 
Laſt ext. contact, 7 47, 10 376 12 52,0 


— dura of the wang 
17 of Venus ouer the fun. 5.6" 


NN ES ng tes of Tongitade 
and latitude are of the ſame denomi- 


nation both for the ingreſs and egreſs at the 
fame place, and when they for the ingreſs retard, 
and they for the egreſs accelerate the tranſit at 
one place ; whilſt at another place they for the 
ingreſs accelerate, and they for the, egreſs re- 
tard rhe tranſit ; and theſe parallaxes give the 
greateſt time poſſible at both places, then there 
will be the greateſt difference between the 
central duration and either apparent duration, 
or between the two apparent durations compa» 


2. The determination of the beſt places 
for obſerving theſe durations depends upon 
the nature of the tranfit, whether it be be- 
fore or after the node; it rl. 
3 to treat of them ſeparately, I 

will 


1 — 


(1180 
will begin according to our former method 
with the duration of the tranſit after the node. 


3. In order to find the beſt, places for ob- 
ſerving the duration of this tranſit, and where 
there is the greateſt retardation of the ingreſs 
and acceleration of the egreſs, the obſeryer 
muſt be on the north ſide of the orbit, pad 
on the meridian paſſing "through Venus in 
the middle of her tranflt, that the parallaxes 
may be of the ſame denomination, and give 
the greateſt t time TN the whole. 


At what diſtance on the ' meridian on the 
northern ſide of the orbit the obſerver ſhould 
be, may be known from the hs e 


Pirſt, let us ſuppoſe the al AV B, 'or 
what the parallax of latitude makes with the 
parallax of altitude to be 51 degrees, and ſee 
what diſtance and times that will Sive. 


Then ſecondly, let us ſuppoſe the eaten 
zenith diſtance from Venus on the meridian, 
and ſee what times that will give, and from 
comparing theſe with the former it will ap- 
Ir pear 
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pear which is the moſt convenient place for 
making this obſervation, | 


Firſt, let AVB or ZVA be an angle of 
51 degrees at the total ingreſs of the tranſit 
in 1761, which was after the node; the an- 
ole. PVC = 75* 34 51 (ſee Gen. Cal. chap. 
the fourth) : The arch PD is: ſuppoſed to be 


A er. 
| rw 


B 


drawn from the pole of the equator through 
the middle of the tranſit to the orbit of Ve- 
nus: The angle AVP will be 14* 25 9, 
which added to Z VA will make Z VP = 
65˙ 25 9“; and the angle Z PV by ſuppoſition 
is equal to half the time of the tranſit, from 
5 | | the 


( t26 }) 


the. OLA beginning of egreſs, 
turned into degrees at the rate of 15 degrees 
to an hour, and increaſed by the little angle 


VPS, which wilt be 44* 45 & nearly; 


wherefore in the triangle ZNV the two angles 
at V and P are given, with the ſide VP be- 
tween them which is 67 17 27 (dee Gen. 
Cal. chap. 4) hence the arch PZ comes out 
57 7 31”, the complement of the latitude of 
the place ſought: But the complement of the 
ſun's declination in the middle of the tranſit 
is 67* 20 30), therefore the diſtance ZD from 
Venus is 10* 12 59”, and ZV will be found 
to be 40* 33' 23“, which zenith diſtance will 
give for the parallax of altitude V B = either 
17,15, or 20%,72, according as the ſun's pa- 
rallax is fuppoſed to be 10 1-half or 12 1-half, 
which VB will give for the 


Parallax of longitude either . 19 9, or 
4 1",; in time. 
The Parallax of latitude will give 2 10,5 
or 2 35",5 in time. 
The ſum of both times is 5 364, or 6 
37 for this * 


. 


(/ Tan: } 

Again let us ſuppoſe the north pole to be 

the place of obſervation, which is nearly the 
greateſt diſtance that can be in tranſits after 

the node, where the parallaxes are of the 

fame denomination ; and then PV the zenith 

diſtance from Venus at the total ingreſs will 


be 67. 17' 27“ (ſee Gen. Cal. chap. 4) which 
will give for the parallax of altitude VB 24,33 
or 297,39; the angle PVC being as before 
75 34 51”, PVAorAVB = 14* 25' 9: 
hence, 


Parallax of long. 1 30",8 or 1 49% in time. 
Parallax of lat. 4 52, 5 5 55.5 


—_—— 


_— 9 23,3 7 45,2 
R which 


(' T8221 )) 
which! is greater than the ſum which the an- 
gle AVB when 51 . the NP" 9 1 . 
or 1' 8,2, | 


Hence it appears, that the lids the diſ- 
tance towards the north pole is taken on the 
meridian paſſing through the middle of the 
tranſit from Venus, the times by which the 
ingreſs is retarded, will be the greater, and 
conſequently the largeſt diſtance where the 
duration may be commodiouſly 22 will 
be the beſt. 


The parallaxes for the "0A of egreſs, 
at the ſame place of obſervation, will give 
nearly the ſame times; and the tranſit being 
retarded at the ingreſs, and accelerated at the 
egreſs, the apparent duration will be here 
ſhorter than that at the center by the double 
of thoſe times, that is at the pole either 12 
46%6 or 15 30˙ 4. 


Now if there was any other place 
where the apparent duration would be as 
much lengthened, as this is contracted, the 


difference of theſe apparent durations would be 
| double 
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double of theſe differences that is either 2 25 
33˙2 or 31 0ʃ,8. * 


But there is no place where the apparent 
ingreſs will be accelerated, and the apparent 
egreſs retarded, when the parallaxes are of the 
ſame denomination; nay, What is more, it is 
to be queſtioned whether there is any prolon- 
gation of the apparent duration of the tranſit 
after the node beyond the central; if there be, 
it will be but of a very few minutes; perhaps 
the parallaxes of latitude may exceed the pa- 
rallaxes of longitude, upon the meridian, paſ- 
fing through the middle of the tranſit, as near 
to the ſouth pole as the fight of the tranſit 
will permit, then their exceſs will prolong the | 
duration, but this cannot be above two or 
three minutes : or again, ſhould” the parallaxes 
of longitude exceed the parallaxes of latitude 
on the ſame meridian, but ſo near the north 
pole that the ingreſs may be obſerved in the 
evening, and the egreſs the next morning, 
their exceſs will likewiſe prolong the duration; 
but it is moſt | probable that they wil be 
ſhort of them. & 


R 2 Dr. Halley 
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Dr. Halley was not aware of this contra- 
riety of parallaxes, when he recommended 
Port Nelſon, near Hudſon's Bay in North 
America, for obſerving the duration of the 
tranſit in 1761 ; he thought from the ingreſs 
being viſible there in the evening, and the 
egreſs the next morning, the apparent dura- 
tion' would be the largeſt that could be, and 
contrary to what it would be at Madraſs, 
Bencoolen, ot Batavia: but ſince the paral- 
laxes of longitude and latitude there, both at 
the ingreſs and the egreſs, would not be of 
the ſame denomination in any of theſe places, 
the difference of any of their durations from 
the central, or from one another, would fall 
very ſhort of what was expected. 


For when theſe parallaxes at the ſame place 
are contrary to one another, their difference 
will not be one fourth part of what their 
ſum might be; and conſequently, if the ob- 
ſervation of the duration, made in any place 
between ten degrees north of the orbit and 
the north pole, on the meridian paſſing through 
the middle of the tranſit, will give about thir- 


teen or fifteen minutes for the greateſt con- 
traction 
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traction of that duration when the parallaxes 
for the ingreſs and egreſs are of the fame de- 
nomination : Obſervations in any other place 
where they are contrary to each other, will 
give very little more than three minutes, or 
three and three quarters. Hence ſhould the 
apparent duration be "prolonged by theſe few 
minutes, though even this very rarely happens, 
the difference between theſe two apparent du- 
rations, when it is as great as poſſible, will 
not amount to more than ſixteen or nineteen 
minutes ; the greateſt difference therefore of 
the durations of the tranſit, at two different 
places, will be leſs than the greateſt difference 
of the times of the ingreſſes or egreſſes at two 
different places: And fince there muſt be two 
obſervations made at each place for the dura- 
tion, and but one for. the ingreſs or egreſs, the 
former muſt be more ſubject to error than the 
latter, and conſequently two durations of the 
tranſit after the node are not ſo proper ſub- 
jects for e as two ingreſſes or _—_— 


Aſtronomers therefore rightly determined to 
make their obſervations upon the apparent in- 
greſs or egreſs at different places, and to com- 

pare 
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pare their difference with the difference that 
ſhould ariſe from the computed ingreſſes or 
egreſſes at thoſe places; becauſe this computed 
difference will be very little affected by any 
errors in the tables for the time of conjunction, 
or by any miſtakes concerning the central du- 
ration of the tranſit, or its ingreſs or egreſs, 
ſince thoſe miſtakes would be the — in 


e 


by But i in my. opinion the 8 of * tranſit 
after the node ſhould always be obſerved in 
ſome place between the north pole, and ten 


degrees north from the place where the fan is 
vertical at the middle of ſuch tranſit, u pon the 


meridian paſſing through it, becauſe it is thir- 
teen or fifteen minutes ſhorter than the central 
duration, which is a very notable difference, 
_ well worthy the attention of Aſtronomers. 


What hath been ſaid and applied in this 
chapter to the tranſit of Venus in 1761, will 
hold good, and may be applied to every future 
tranſit after the node. 


CHAP. 


Of the Ae of the tranſit before 
the node. 


HOUGH it is very doubtful whether 

there is any apparent duration of the 
tranſit after the node longer than the central, 
and if there be, it will be only by two or three 
minutes ; yet it is otherwiſe in the tranſits be- 
fore the node, for then Venus paſſing over the 
northern part of the ſun's diſc, the evening's 
ingreſs will be accelerated, and the morning's - 


egreſs retarded in ſome places near or within 


the aretick circle, and their parallaxes will be 
of the ſame denomination ; which is an ad- 
vantage peculiar to the. tranſits of Venus be- 
fore the node. 


2. Let us begin as we did in the laſt chap- 
ter, with the retardation of the ingreſs, and 
the acceleration of the egreſs, and here the ob- 
ſerver muſt be on the ſouth ſide of the orbit 
of Venus, and on the meridian paſſing through 

the 


AK 9& 


the middle of the tranſit : at what part he 


ſhould be will appear from the following pro- 
ceſſes. Let AVB or Z VA be an angle of 


fifty; one degrees; let PP be the meridian 
paſſing through the middle of the tranſit ; 
P and P the two poles of the equator; and 


1 
A,—B 
C 3 "y 
2 
| 
Þ FP 


Z the place of obſervation : the angle PVC 
= 74* 298“ (ſee Gen. Cal. chap. 5) and 
PVA = 15* 30 52", which ſubtracted from 
Z VA will leave ZVP = 35* 29' 8 the 
fide PV = 112* 41' 1“ (ſee the complement 
of PL to two right angles in Gen. Cal. chap. 
5) and the angle Z PV is equal to half the 
time of the tranſit, from total ingreſs to the 


beginning of egreſs, turned into degrees, at 
the rate of fifteen degrees to an hour, and 
| augmented 
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augmented by the little angle SPV (for which 
ſee Gen, Cal. chap. 5) that is ZPV = 43* 
15 45"; therefore in the triangle Z P V, two 
angles and the ſide between them being given, 
the remaining angle and ſides will be known: 
The fide PZ = 53" 35 9“, whoſe complement 
to ninety degrees = 36* 24 51", and is the 

latitude of the place ſought, and Z V the 
zenith diſtance from Venus = 75* 50 3“ which 
gives for the Times of the 


Par. of long. 3' 34",3 or 4' 52",3 or 5 527,8 
Par. of lat. 2 37,5 3 7 + 4:21 


Sum 6 11,8 8 26,8 10 13,8 


3. Again, let it be ſuppoſed that the zenith 
diſtance from Venus at this ingreſs be eighty 
degrees both on the north and ſouth fides of 
the orbit, for the proceſs will be the fame in 


both fides. 


Let P and p be the two poles of the equator, g 
P the north pole, let V be the place of Venus 
at the ingreſs as ſeen from the center, let ZV 


and DV be eighty degrees; and ſuppoſe VM 


PFrPenyacutar to the meridian Pp paſſing 
8 through 


» l 


( 

through the middle of the tranſit; then in the 

triangle PVM the angle MPV is as before 
43* 15 45", PV = 67* 18' 59" (ſee Gen. 
Cal. chap. 5.) and the angle at M is a right 
angle, wherefore MP comes out 60˙ 8' 46» 
and VM = 397 13 217. Again in the triangle 
MZ the ſides ZV and MV with the angle 


at M being given, the fide Z M will come out 
7 i.2 205 from which ſubtract MP, and 
there will remain ZP = 16* 54 4", which is 
the diſtance of the place ſought from the 
north pole, or the complement of its latitude. 


But if ZV be ſuppoſed to be 85 degrees, 
the ſide Z M will be 83“ 32' 25", and by 
| ſubtracting 
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ſubtracting: M P from it there remains Z P 
= 23* 23-39" for the complement of its 
atitude north, 


Again on the ſouth ſide, as the triangle 
VMD is the fame with the triangle Z MV, 
the ſide MD being equal to M Z it will be 
either 77* 2 50“ or 83* 32' 25" according as 
ZV or DV is ſuppoſed to be 8o or 85 de- 
orees : but MP being proved equal to 60˙ 
8 46“ and Pp being 180 degrees Mp will 
be 119 51 14”, wherefore p D the comple- 
ment of ſouth latitude = 42* 48. 24” or 
36 18 49". 


When he vials of ſouth W is 
42* 48' 24” or the zenith diſtance from Venus 
at the total ingreſs is 80 degrees, the times 
which the parallax of longitude give are | 


3 17",5 or. 4 29˙ or 5 25,3 
Par, of I; 3, 745 4 16,35 876 


— 


— — —m_— 
— — wy" — — 
* 


Sum W 25 8 457 10 31,3 
whichis moreby 13,2 18,9 20, 5 
than the ſum of the times when the angle 

8 2 which 
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which the parallax of altitude makes with 
the parallax of latitude is 51 degrees. 


But when the complement of ſouth latitude 
is 36* 18' 49" or the zenith diſtance is 85 
degrees, then the times which the par. of 4 
give are 3. 8mm or 4 16% or 5 9,1 
Par. of latitude, 3 19,5 4 33 5 31,5 


Sum 6 27, 6 8 49,3 10 40,0 
which is. more by 15,8 22, 5 26, 8 
than the ſum of the times when the aforeſaid 
angle is 51 degrees. 


Wherefore any place on the meridian paſ- 
ſing through the middle of the tranſit from 
the complement of ſouth latitude 36* 18' 497 
where the zenith diſtance from Venus is 85 
degrees to the complement of ſouth latitude 
53' 35 9', where the aforementioned angle 
is 51 degrees, will do very well for obſerving 
the total ingreſs and beginning of egreſs, 
cy: the times are the greateſt at 36* 1% 
49" the complement of ſouth latitude for 85 
2 zenith diſtance. 


The 
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The ſum of the times will be nearly 
the ſame at the beginning of egreſs as at 
this ingreſs; only this ingreſs will be re- 
tarded whilſt the egreſs is accelerated by it, 
ſo that the central duration will exceed the 
apparent duration there by twice that time: 
that is either by 12 55" 2 or 17 396 or 
21 21%. 


If the place of obſervation be at 16* 54 
4 or 23* 23 39“ from the north pole on the 
meridian paſſing through Venus at the middle 
of the tranſit, and on the different fide of the 
pole from what Venus is, and the total ingreſs 
be obſerved in the evening, and the beginning 
of egreſs the next morning, then the apparent 
duration will exceed the central duration ; the 
parallaxes likewiſe will be of the ſame deno- 
mination, and accelerate the ingreſs and retard 
the egreſs. | 


When the complement of latitude north is 
16* 54 4" or the zenith diſtance from Venus 
is 80 degrees, then the times of the total in- 
greſs of the 

Parallax 
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Par. of long. are 2 10%, 6 or 2' 57,9, or 3' 34",9 
Par. ot latitude, 3 37,5 434 5 525 


Sum 5 48,1 7 5 9 27,4 


But when the complement of latitude north 
is 23” 23397, or the zenith diſtance is eighty 
five degrees, then 
Par of long. 2 304 or 3' 25" or 4 7,6 
Par. of lat. 3 31,5 4 45 143.5 

6 1,9 8 10 9 51, I 


The beginning of egreſs will give TRE 
the fame times, only the ingreſs will be acce- 
lerated when the egreſs is retarded by them, 
wherefore this apparent duration will exceed 
the central duration by twice thoſe times, that 
is by 12' 34,8 or 1620“ or 19 42",2: And 
conſequently the difference between the ap- 
parent durations on the north and the ſouth 
ſides of the orbit at 85 degrees diſtance in 
both places from Venus, will be the ſum of 


the. times, viz. 24, 59“ or 33 e of 
41 34 


Theſe are general calculations faited to all 
tranſits 
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tranſits of Venus over the ſun before the node; 
and when they are applied to the meridian 
paſſing through the middle of any particular 
tranſit will determine the beſt places for ob- 
ſerving the duration of it. | 


Thus for example, theſe latitudes upon the 
meridian of the tranſit which will be June 3, 
1769, will ſhew the exact places for obſerving 
that duration : It unfortunately happens indeed 
that the ſouthern latitudes upon that meridian 
lie in the great ſouth ſea, where there appears 
to be no land, except ſome few iſlands, ſuch 
as Waterland, &c. which are very diſtant and 
difficult to be got at. 


The moſt convenient place which the la- 
titudes on the north part of the meridian, 
paſſing through the middle of the tranſit, give 
for obſerving the duration of this tranſit, 
ſeems to me, by the beſt judgment I can 
form from our moſt correct maps, to be 
Torno a town in Lapland, lying on the northern 
part of the Bothnia fea ; it hath a large and 
frequented haven, and therefore is eaſy to be 
come at; it is ſituated near 66* 3 o' north 

latitude, 
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latitude, and 25 degrees longitude eaſt of 
Greenwich ; and conſequently the time at Torno 
1s one hour and forty minutes later than Green- 
wich time, hence the middle of the tranſit at 
the center by Torno time will be at 12* 2 
7,5 at night; which ſhews this place to be 
very little diſtant from the meridian paſſing 
through the middle of the tranſit at June 3, 
1769, and its complement of latitude being 
23” 57 o' is very near to what we have de- 
monſtrated to be beſt. 


But any place ſuch as Wardbus, and other 
towns in Lapland, and within or near the 
Artick circle, will be very proper for obſerving 
the duration of this tranſit. 


As Torno is nearly equal to the beſt place, 
and perhaps more commodious from its ſitua- 
tion on the-ſea coaſt than any other, I have 
made choice of it in computing the times of 
all the contaQts for it. 


3s. -& 


„ .4 
Firſt external contact. 
The zenith diſtance = 84* 12' 3o", the 
angle BVA = 33* 5 35”, 


Times of par. of long. 2 37”,6 or 3 34,9 or 4 19,6 — 
Parallax of latitude, 3 3,2 4 7,5 457 — 


— —„ 


Sum 5 40,8 7 42,4 9 16,6 — 


This central contact by Torno time is at 
8 hours 49 31% 5 in the evening, and there- 
fore at Torno it will be at 8* 43 50",7 or 8* 
41' 49% or 8* 4o' 14%, according as the 
ſun's parallax is ſuppoſed to be 8" 1-half, * lor 
100 1-half, or 12“ 1-half. * 


"2 4: x2 
Firſt internal contact, or total ingreſs. 
The zenith diſtance — 85 33" 55%, BVA 
317 33 10. 


Times of par. of long. 2 3105 or 3 25",5 ar 4 9,3 — 
Parallax of latitude, 3 30 4 45 8 


Sum 6 15. 8 10,5 9 553— 
n This 
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This central contact is by Torno time at 
9 9 40",5 in the evening, and therefore it 
will be in Torno at 99 3 39, or 9 1 30“, or 


| g 59 4902. 
nN. 
Beginning of egreſs. | 
The zenith diſtance = 85* 21 52", AVB 
= 0* 44 1", 


Times of par. of long. O 3,7 or O 5,04 or O 6/08 + 
Parallax of latitude, 4 6 or 5 33,4 or 6 3555 + 


Sum 4 9 5 38,44 6 47,58 + + 


This egreſs at thei center by Torno time is 
at 2* 54' 34,5 in the morning, and it will be 
in Torno at 2 58 44",2 or 3 0 12",04 or 
3* or' 16, 

N Of 
Laſt external contact. 


The zenith diſtance = 83* 59' 26 AVB 
=2* I5' 7 


| Times of par. of long. OG 11“ 3 or o 15,4 or O 18",6 + 
Parallax of latitude, 3 435 5 1,5 6 © + 


Sum 3 54.8 5 16,9 6 18,6 + 
This 
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This contact at the center by Torno time is 
at 3 14 43%5 in the morning, and therefore 
it will be in Torno at 3* 18 3853 or 3" 200 
04 or 31 21 2",1. 


The duration of this tranſit from firſt to laſt 
external contact at Torno exceeds the central 
duration by ꝙ 35",6 or 12 593 or 15 352. 


From total ingreſs to the beginning of egreſs 
exceeds it by 10 11% or 13 48%9 or 
16 32",8, | 


The duration of the tranfit from firſt to 
laſt external contact at Waterland falls ſhort of 
the central duration by g' 28,2 or 12 59",7 
or 15 40, 3. . 


From total ingreſs to the 2 of 
egreſs falls ſhort of it 9 32% or 1 = 058 or 


1 42,2. 


The duration of the tranſit from firſt to laſt 
external contact at Californid falls ſhort of the 
central duration by 4 45",8 or 6 29 2 or 


7 51.3. 
T 2 From 
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From total ingreſs to the beginning of egreſs 
falls ſhort of it by 4 28"6 or 6 75 5 or 7 22",4. 


The difference therefore of the durations of the 
tranſit between Torno and Waterland from firſt 
to laſt external contact is 19 3',8 or 25 59" 


or 37 15,5: 


From total ingreſs to the paring of egreſs 
at thoſe places will be 19 44,1 or 26 49 A, 
ar 3211.6 


The difference likewiſe of the durations be- 
tween Torno and California from firſt to laſt 
external contact will be 14 21,4 or 19 28,5 
or 2 3 20",5. 


From total ingreſs to the — of egreſs 
at thoſe places will be 14 395 8 or 19 564 


Or 23 55˙2. 


To conclude : In the five laſt chapters are 
ſhewn the latitudes and longitudes of the beſt 
places for obſerving the ingreſs or egreſs or 
duration of any tranſit of Venus over the ſun, 
either before or after the node, with the diffe- 

rence 
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rence of their times from thoſe at the center ; 
what appertaineth to tranſits after the node is 
treated of in the eighth and eleventh chapters, 
and to tranſits before the node in the ninth, 
tenth, and twelveth chapters. 


The ſame latitudes are in -all tranfits upon 
the ſame parallel circle to the equator ; but 
the ſame longitudes are upon different meri- 
dians in different tranſits, becauſe they are mea- 
ſured from the meridian that paſſes through 
the ingreſs or egreſs of every particular tranſit, 
which is therefore a variable meridian, and 
changes with the place of that ingreſs or 
egreſs: All which have been exemplified at. 
large for tranſits after the node in the deſcrip- 
tion of that which was June 6th, 1761, and 
for tranſits before the node of that which will 
be Tune 3d, 1769. 


OF 


O F | 
The TRANSITS of MERCURY 


Over the S UN. 


CHAP. LI 


J. — HOUGH che difference between 
the parallaxes of Mercury and the 

| ſun, or what is generally called 
the parallax of Mercury from the ſun, is leſs 
than the parallax of the ſun, yet it may be 
found more eaſily by means of the tranſits of 
this planet over the ſun ; which have this pe- 
culiar advantage that from the ſlowneſs of 
Mercury's motion, and alſo of the ſun or 
earth in its orbit, they afford a ſufficient quan- 
tity of time for aſcertaining this parallax very 
nearly : How nearly it may be aſcertained, or 
what portion of time will be given by theſe 


tranſits for meaſuring this parallax is the ſub- 
| ject 


= VF W- 
je& of our preſent enquiry, and humbly ſub- 
mitted to the conſideration of aſtronomers. 


II. The orbit of Mercury is the moſt ec- 
centrical of all the primary planets, and the 
line of its apfides paſſes very nearly through 
its nodes with the eccliptic; there is there- 
fore a wide difference between the diſtances 
of this planet from the earth at its different 
nodes: At the aſcending node, its diſtance _ 
from the earth to that from the ſun will be 
almoſt two to one: But at the deſcending node 
it will be very little more than as five to four. 
Hence the tranſits at the aſcending node will 
not give much more than a third part of 
the time for meaſuring the paralla of Mer 
cury from the ſun, which the tranſit at the 
oppoſite node will give. 1090 5 


As this then will be generally too ſmall 
to anſwer the intended purpoſe, we ſhall en- 
ter no farther into it than is neceflary for 
explaining this ſubject, and illuſtrating the 
tranſit at the deſcending node, which if I am 
not miſtaken will when accurately obſerved by 
good inſtruments, and at proper places, afford 

ſufficient 


| 
| 
| 
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ſufficient time for determining the parallax of 


the ſun within half a ſecond of a degree. 


CHAP. II. 
Of the tranfit of M. ercury at the af- 
ironing node. 


* have * che place of the 

aſcending node of Mercury's orbit with 
the eccliptic as ſeen from the ſun, at 16 4 
and 44 minutes in Taurus. | 


As there will be a tranſit of Mercury over 
the ſun at this node in the year 1769, we will 
give a brief detail of it, and of the times which 
it gives for determining the parallax, by way 
of example for illuſtrating theſe kinds of tranſits. 


The true time of this conjuction of Mercury 
with the ſun will be as given by the tables, on 


the gth day of November, 1769, and at ten 


minutes paſt ten at night. 


The ſun's place at the ſame time in the ec- 
cliptic as ſeen from the earth will be in ſcorpio 


at 17 49 49" 


Therefore 
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- Therefore the tranſit will be after Mercury 
hath paſſed the node and the diſtance of the 
ſun beyond it will be 15 5 49". 


The angle which the orbit makes with the 
r 1 is © 34 of, 


Diſtance of Mercury from the ſun as given 
by Mr. Whifton 31365. 


. Diſtance of Mercury from the earth as given 
by Ditto 67591. | 
Diſtance of the earth from the ſun 98956. 


Equated horary motion of Mercury as ſeen 
from the ſun o“ 15 of, 


Equated borary motion of be fant the | 
eocliptic o* 2 31”. | 


Difference of the two horary motions 
8 385 

Sun's ⁊midiameter o' 15 50". 

Mercury's apparent ſemidiameter on the diſc 
of the ſun o © y. 

Heliocentrick latitude of Mercury from the 
eccliptic o* 7 58", | 

U Geocentrick 
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Geocentriek latitude of Mercury from the 
ectliptic o 344. 


Geocentrick horary motion of Mercury on 
the fun o* 5 52”, 


Which makes the common multiplyer for 
turning minutes of degrees into minutes of 
time to be 10",22. | 


The angle of the apparent node or which 
the apparent tranſit line makes with the appa- 
rent eccliptic 3* 17 $1". 


Suppoſe the ſun's parallax to. be nine ſeconds 
of a degree, then Mercury's Parallax at this 
node will be 13",r and its parallax from the 
ſun 4",1: and conſequently the parallax of al- 
titude at 80 degrees from the zenith will be 
4",03: hence when the angle which the line 
expreſſing the parallax of altitude makes with 
the line exprefling the parallax of latitude is 51 
degrees: the 'parallax of - longitude = 3",138 
which in time are 32",07: that of latitude is 2" 
giving 1,3 which in time is 13',28 + ; the ſum 
of both times is 45",35. As this will be the 
exceſs of the time in the morning's obſervation 
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of the firſt external contact of Mercury with 
the ſun on the gth of November 1769, above 
the central time ; there will be the ſame de- 
fect from it in the evening's obſervation of the 
fame contact at the beſt place, and at the ſame 
elevation above the horizon. Therefore twice 
this ſum of 45",35 which is o' 1 30% will 
be the greateſt difference of time that can be 
between the obſervations of this contact at 
the two beſt places for obſerving it. 


But this is a very little more than a third 
part of the time that will be given from the 
like obſervations at the deſcending node, as 
will appear from the following calculations of it. 


— — — ———ꝛů —  — —— 
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CHAP. II. 


Of the tranſits of Mercury at the 
deſcending node. 


HE place of this node as ſeen from 
the ſun is in Scorpio 16* 44 O. 


The angle of Mercury's orbit with the ec- 


cliptic 6* 54 of. 
The relative diſtance of Mercury from 


the ſun 45308. 

Relative diſtance of Mercury from the earth 
at this conjunction 55699. 

Relative diſtance of the earth from the ſun 
101007. 


Equated horary motion of Mercury on the 
ſun is 0* 7 13”. 

Equated horary motion of the ſun in the 
eccliptic 0* 2 25". 

Difference of the two horary motions 0* 4' 48", 

The ſun's ſemidiameter o' 15 50". 
Mercury's 
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Mercury's apparent ſemidiameter at this 
conjunction o' o 9,56. 
The geocentrick horary motion of Mer- 
cury o' 3' 56“. 
Which makes the common multiplyer for 


turning minutes of a degree into minutes of 
time to be 15,254. 


Let us for example take the tranſit of Mer- 
cury over the ſun which will be at the de- 
ſcending node in 1799, May 7th, = 2* 34 
new ſtile, according to Mr. Wh:/ton's tables. 


The place of the node as ſeen from the 
earth is 1%" 16* 44 O“. | 


Place of the ſun 1799, — " 2* 34 
is 1%" 16* 58˙ 6“. | 


Sun's diſtance from the node at the con- | 
junction 14 6". 

The geocentrick latitude of Mercury from 
the eccliptic 3 3". 

The angle of the apparent node is 5* 36 290 


Let 


(a) 

Let Mu K repreſent half the ſun's diſc, 
and as this tranſit is after the node let QSD 
be drawn from the pole of the eccliptic Q _ 
through the center of the ſun $ to the tranſit 
line at D, which is therefore perpendicular to 
the eccliptic line mu N. Let SA be drawn 
perpendicular to the tranſit line EN. Then 


in the triangle SD N, the angle at S is 
a right angle; DNS = 5* 36' 29'; and SD 
the geocentrick latitude of Mercury from the 
ſun at the conjunction is o* 3 3", The tri- 
angles SDN and DAS if conſidered as plane 
triangles are ſimilar : wherefore S A comes out 
o 3 2, and EA= 15 22',6 in degrees, 
which is 3 54' 3373 in time, which is half 
the internal tranſit, and conſequently the total 
duration of it is 7˙ 49' 6% DA = © 17,7 


in degrees, which are 4 29 in time. 1 
| et 
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Let P be the pole of the equator,” draw 
PE, PS, PD, and PB and PQ. Then in the 
triangle PS the three ſides are given, that is 
PQ the diſtance of the two poles = 23” 29 00 
QS = go" oo and PS is the complement of 
the fun's declination at the time of conjunction 
which is = 73* 3 54"; wherefore the angle 


QSP will come aug: 16* 24' 46”. 


Again in the ad PSD the two ſides 
PS and SD with the angle P SD being given 
the fide PD will be found to be 73* & 48", 
and the angle QDP = 167 34 13", the angle 
PDN = 67* 49' 18, the angle PBN = 
67* 53 42", the angle PEN —'67* 44 54"; 
PB = 73'1 , PE- 73" 12' 37". 


As this is a tranſit after the node, we will 
for example's ſake take another which was be- 
fore this RR. node, viz. that in 1753, 
May 5, 19* 20 by Greenwich time nen to 
Mr. Mhuſtoms tables. 


The fuh's place at that time was in = 
15" 49 45: | 


Mercury's 


( 1g2 ) 
Mercury's: diſtance before the nod e at this 

ecnjubRict o“ 54 15%. | 

| Geocentrick latitude of Mercury from the 

eccliptic 0® * 220k 


The 7 of the apparent nod 5 36 290, 


Let MHEKn be hatf: the ſun's OY and 
as this tranſit is before this node HD KN 
may ſtand for the tranſit line and N the node, 


© © * © 
Q -. 


Wy D 

10 
* NI S Fol N 
jet PS, PD, PQ, SQ, SA, be drawn as 
before, only now let PH and PK be drawn 
to the external contacts at H and K: Then 
SA will be found to be 5 20, HA is 1 5 4 
in degrees, which is 3 49 49" in time; and 
the duration of the tranſit through HK = 
39 38" PS the Om of the ſun's de- 


clination 73 ET If. 


Hence 


( 153 ) 

Hence QSP = 16* f 30“: QDP = 16* 
50 58“: PHC = 67 33 ep PDC = 69? 
TE th PKC = 67-27 217: PH = 73* 156 
34: PD = 73” 18' 7%: PK = z' 24 8. 


0 1 x 5 5 
of the beſt Z 7 res for obſerving the 
tranfits of Mercury both before and 


after the deſcending node. 


F the tranſit be before the node ; the firſt 

external contact muſt be obſerved as appears 
from the 1oth and 11th ſections of the ſixth 
chapter, on the ſouth ſide of the orbit in the 
F hn * on the north ſide in d afternoon. 


And the. laſt: external contact muſt be ob- 
Gnas on the north ſide in the morning, and 
on the ſouth ſide in the afternoon. 


| The latitudes and longitudes are as fellow: 


For obſerving the morning's firſt external 
contact, Latitude ſouth, 51' 4 9“ 


X Longitude 


( x54 ) 
' Longitude weſt of the meridian paſſing thro' 
this contact, 48* 32 3˙%. 
For obſerving the evening's firſt external EW") 


Latitude north, 61* 25' 45”. 
Long. ealt of the ſame meridian, 100" 4' 1 * 


For obſerving the morning's laſt exter. contact. 


Latitude north, 18˙ 28 42”. 
Longitude weſt of the meridian paſſing 
through this contact, 84* 45 10”, 


For obſerving the evening's laſt external contact. 


Latitude ſouth, 12* 34 35". 
Long. eaſt of the ſame meridian, 75 27 140. 


If the tranſit be after the node then the 
firſt external contact muſt be obſerved, as ap- 
pears from the 6th and 7th ſections of the ſixth 
chapter, on the north ſide of the orbit in the 
morning, and on the ſouth ſide in the afternoon. 


And the laſt external contact muſt be ob- 
ſerved on the ſouth ſide in the * and on 
north ſide in the afternoon. 


The reſpective latitudes and longitudes are 
as follow: 


For 


( as 7 


For obſerving the morning's firſt exter. contact. 


' Latitude north, 19' 40 of. 
Longitude weſt of the meridian — thro 
that contact, 85" 8 ol. 


For obſerving the evening's firſt external contact. 


Latitude ſouth, 13" 40' o”. 
Long. eaſt of the ſame meridian, 74 56' 0”. 


For obſerving the morning's laſt external contact. 


Latitude ſouth, 50* 3o' of 
Longitude.weſt of the meridian paſſing thro' 
that contact, 49* 40 O. 


For obſerving the evening's laſt external contact. 


Fa 


Latitude north, 60 33 © 
Long. eaſt of the ſame meridian, 99* 29 O0“. 


Theſe and the preceding latitudes and longi- 
tudes of places for obſerving the contacts of 
Mercury both before and after the deſcending 
node are general, and will ſerve for the internal 
contact and beginning of egreſs, and not only 
of theſe aforementioned particular tranſits of 
Mercury over the ſun, but of all other at this 

> x HON deſcending 


| 1 
deſcending node: The firſt latitudes and lon- 
gitudes for any ingreſs or egreſs before the node, 
and the laſt for any after it. | 


CHAP. V. 


Of the times which the obſervations 
of the ſame contact at different 
places give. | 


E T an obſervation be made in the morn- 

ing, when the ſun is 80 degrees from 

the zenith of any ingreſs of Mercury upon the 
ſan; and where the angle which the parallax of 
altitude makes with the parallax of latitude is 


fifty one degrees. 


If the parallax of the ſun be ſuppoſed eight 
ſeconds of a degree, then the parallax of Mer- 
cury will be 14',5, and that of Mercury from 
the ſun will be 6",5. 
Parallax of longitude = 4598 in degrees, 
and 1 15%,g in time. 910 
Parallax of latitude = 4",033. 


It 


( 137 ) 

If the parallax of the fin be nine ſeconds 
then the parallax of Mercury will be 16",42, 
and of Meteury from the ſun 5,32. | 

Parallax of longitude = 5",6 in degrees, and 
1 25 4 in time. 

Parallax of latitude = 4,53. 

If the parallax of the fan be ten ſeconds then 
the parallax of Mercury = 18,13, and of Mer- 
from the ſun = 813. 


Parallax of longitude = 6",22 in degrees, 
and 1' 34',9 in time. | 
Parallax of latitude = 5“, 


If the obſervation be made of the total ingreſs 
of Mercury upon the fun which will be May 7, 
1799, with the conditions deſcribed above : 


Then when the ſun's, parallax = 8" the pa- 
rallax of latitude being 4",033 it will give only 
11,28 in time, which being added to 1' 15" 
the time which the parallax of longitude gives 
will make 1 26',28. 


When 


( x58.) 

When the ſun's parallax is nine ſeconds the 
parallax of latitude being 4",53 it will give 
only 12",8 in time, which being added to 1' 
25",4 the time the parallax of longitude gives 
the ſum will be 1 48",2. 


When the ſun's parallax is ten ſeconds the 
parallax of latitude being 5” will = . 
14,18 in time, which being added to 1 34% 
the time the al of longitude gives, the 
ſum will be 1' 49708. 


As the evening's obſervation at the proper 
place of this contact will give the ſame time 
in exceſs as this is in defect from the central 
time, the difference between theſe two obſer- 
' vations will be double of the afore- mentioned 
tienes, that is. 2' 52 „, or 3' 16" 4s or 3' 38",16. 


There will be likewiſe the ſame difference of 
time nearly between the like obſervations of 
wy other MET in * tranſit. | 


The difference of time between eight and 
nine ſeconds of the ſun's parallax is 23% 9, be- 
tween 


( 159 ) 
| tween nine and ten ſeconds is 21, and be- 
tween eight and ten is 45", 6. * 8 


The moſt commodious places for obſerving 
the total ingreſs of Mercury upon the ſun, 
which will be May 7, 1799, according to the 
latitudes and longitudes deſcribed above, will be 
for the Morning's obſervation at Jamaica, Hi. 
paniola, or any of the lee ward iſlands. 


For the evening's obſervation of the ſame 
ingreſs, the iſland of Java, or the moſt ſouthern 
part of the iſland of Sumatra in the Eaſt-Inates. 


For the morning's obſervation of the begin- 
ning of egreſs, the place agreeing. with the 
aforeſaid latitudes and longitudes is in the Great 
South Sea, where there is no known land near It, 


For the evenin g's obſervation of the ſame 
egreſs, any of the northern parts of Scotland, 
or Denmark, or the ſouthern parts of Norway, 


If there had been obſervations made upon 
the firſt external contact at the tranſit of Mer- 
5 | wk 


( x60.) 
eury, which was at the deſcending node; May 
5, 1753, with the conditions deſcribed above, 
then upon the ſuppoſition of the ſun's as 
being eight ſeconds, 

The parallax of latitude — 72053 would 
heve given 30˙ö 5 in time. 

And parallax of jongitade = 4,98 in Rm 
or 1' 15,9 in time. 

Sum of both = 1' 46",4. 


If the ſun's parallax was nine ſeconds, pa- 
3 latitude S = 453 would "Py 
35 in time. | 

- wi of longitude | = 5,0 in eres or 
r' 25",4 in time n | 


Sum of boch = I 309. 


n E paral- 
lax of latitude being = ==, F yould give 3 $ 708 
in time. ; 


© Parallax of longitudo. — * „42 in on or 
1 34% in time. 


Sum of both = 2“ 998. 


1 


9 8 — . - 
* 28 * * s « 


Hence 


( 161 ) 
Hence the difference of the two obſerva- 
tions upon the ſame contact would be double 
of theſe times, that is 3' 32",8 or FJ Wis 
or 4 19,96. 


The difference of time between 8“ and 97 
of the ſun's parallax would have been here 
25"; between 9“ and 10“ = 22% 16, and 
between 8” and 10” = 47",16. 


Whether the aſtronomical tables of Mer- 
cury's tranſits will give the time of any ingreſs 
or egreſs for the center of the earth, and 
obſervations upon the ſurface of it, will give 
the time of the ſame ingreſs or egreſs there fo 
exact that the difference of two minutes or leſs 
may be depended on, muſt be left to the judg- 
ment of aſtronomers: but it ſeems. to me very 
clear that two obſervations of the fame ingreſs 
or egreſs, at two different places, may be 
made with ſuch accuracy as to give the dif- 
ference of four minutes within a few ſeconds 
from each other; and if ſo then this difference 
will be ſufficient to determine the ſun's parallax 
within half a ſecond of a degree. 


THE EN D. 


